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For  e^vor  d 


^HE  rapid  evolution  of  constructive  methods  in  recent 
^^■.  years,  as  illustrated  in  the  use  of  steel  and  concrete, 
w  and  the  increased  size  and  complexity  of  buildings, 
has  created  the  necessity  for  an  authority  which  shall 
embody  accumulated  experience  and  approved  practice  alono-  a 
variety  of  correlated  lines.  The  Cyclopedia  of  Architecture, 
Carpentry,  and  Building  is  designed  to  fill  this  acknowledo-ed 
need. 

^  There  is  no  industry  that  compares  with  Building  in  the 
close  interdependence  of  its  subsidiary  trades.  The  Architect, 
for  example,  who  knows  nothing  of  Steel  or  Concrete  con- 
struction is  to-day  as  much  out  of  place  on  imj^ortant  work 
as  the  Contractor  who  cannot  make  intelliorent  estimates,  or  who 
understands  nothing  of  his  legal  rights  and  responsibilities.  A 
carpenter  must  now  know  something  of  Masonry,  Electric  AVirino-, 
and,  in  fact,  all  other  trades  employed  in  the  erection  of  a  build- 
ing ;  and  the  same  is  true  of  all  the  craftsmen  whose  handiwork 
will  enter  into  the  completed   structure. 

^  Neither  pains  nor  expense  have  been  spared  to  make  the 
present  work  the  most  comprehensive  and  authoritative  on  the 
subject  of  Building  and  its  allied  industries.  The  aim  has  been, 
noi   merely  to   create   a   work   which   will   appeal    to   the   trained 


expert,  but  oiif  that  will  commend  itself  also  to  the  beginner 
and  the  self-taught,  practical  man  by  giving  him  a  working 
knowledge  of  the  principles  and  methods,  not  only  of  his  own 
particular  trade,  but  of  all  other  branches  of  the  Building  Indus- 
try as  well.  The  various  sections  have  been  prepared  especially 
for  home  study,  each  written  by  an  acknowledged  authority  on 
the  subject.  The  arrangement  of  matter  is  such  as  to  carry  the 
student  forward  by  easy  stages.  Series  of  review  questions  are 
inserted  in  each  volume,  enabling  the  reader  to  test  his  knowl- 
edge and  make  it  a  permanent  possession.  The  illustrations  have 
been  selected  with  unusual  care  to  elucidate  the  text. 

C.  The  work  will  be  found  to  cover  many  important  topics  on 
which  little  information  has  heretofore  been  available.  This  is 
especially  apparent  in  such  sections  as  those  on  Steel,  C  oncrete, 
and  Reinforced  Concrete  Construction;  Building  Superintendence; 
Estimating;  Contracts  and  Specifications,  including  the  })rinci- 
pies  and  methods  of  awarding  and  executing  Government  con- 
tracts ;  and   Building   Law\ 

C  The  method  adopted  in  the  preparation  of  the  work  is  that 
which  the  American  School  of  Correspondence  has  developed 
and  employed  so  successfully  for  many  years.  It  is  not  an 
experiment,  but  has  stood  the  severest  of  all  tests  —  that  of  })rac- 
tical  use  —  which  has  demonstrated  it  to  be  the  best  method 
yet  devised  for  the  education   of  the  busy  working  man. 

C  In  conclusion,  grateful  acknowledgment  is  due  the  start"  of 
authors  and  collaborators,  without  whose  hearty  co-operation 
this  work  would  have  been   impossible. 
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HEATING  AND  VENTILATION 

PART  I 


SYSTEMS  OF  WARMING 

Any  system  of  warming  must  include,  first,  the  combustion 
of  fuel,  which  may  take  place  in  a  fireplace,  stove,  or  furnace,  or  a 
steam,  or  hot-water  boiler;  second,  a  system  of  transmission,  by  means 
of  which  the  heat  may  be  carried,  with  as  little  loss  as  possible,  to  the 
place  where  it  is  to  be  used  for  warming;  and  third,  a  S}^tem  of  dif- 
fusion, which  will  convey  the  heat  to  the  air  in  a  room,  and  to  its 
walls,  floors,  etc.,  in  the  most  economical  way. 

Stoves.  The  simplest  and  cheapest  form  of  heating  is  the  stove. 
The  heat  is  diffused  by  radiation  and  convection  directly  to  the  objects 
and  air  in  the  room,  and  no  special  system  of  transmission  is  required. 
The  stove  is  used  largely  in  the  country,  and  is  especially  adapted 
to  the  warming  of  small  dwelling-houses  and  isolated  rooms. 

Furnaces.  Next  in  cost  of  installation  and  in  simplicity  of 
operation,  is  the  hot-air  furnace.  In  this  method,  the  air  is  drawn 
over  heated  surfaces  and  then  transmitted  through  pipes,  while  at 
a  high  temperature,  to  the  rooms  where  heat  is  required.  Furnaces 
are  used  largely  for  warming  dwelling-houses,  also  churches,  halls, 
and  schoolhouses  of  small  size.  Thev  are  more  costlv  than  stoves, 
but  have  certain  advantages  over  that  form  of  heating.  They  require 
less  care,  as  several  rooms  may  be  warmed  from  a  single  furnace; 
and,  being  placed  in  the  basement,  more  space  is  available  in  -the 
rooms  above,  and  the  dirt  and  litter  connected  with  the  care  of  a  stove 
are  largely  done  away  with.  They  require  less  care,  as  only  one  fire 
is  necessary  to  warm  all  the  rooms  in  a  house  of  ordinary  size.  One 
great  advantage  in  the  furnace  method  of  warming  comes  from  the 
constant  supply  of  fresh  air  which  is  required  to  bring  the  heat  into 
the  rooms.  While  this  is  greatly  to  be  desired  from  a  sanitary  stand- 
point, it  calls  for  the  consumption  of  a  larger  amount  of  fuel  than 
would  otherwise  be  necessary.  This  is  true  because  heat  is  required 
to  warm  the  fresh  air  from  out  of  doors  up  to  the  temperature  of  the 
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rooms,  in  addition  to  irphiciiig  tlic  licat  lost  hv  Irakajjjc  and  conduction 
through  walls  and  windows. 

A  more  even  temperature  may  be  maintained  with  a  furnace 
than  by  the  use  of  stoves,  owing  to  the  greater  depth  and  size  of  the 
fire,  which  allows  it  to  be  more  easily  controlled. 

When  a  building  is  placed  in  an  exposed  location,  there  is  often 
difficulty  in  warming  rooms  on  the  north  and  west  sides,  or  on  that 
side  toward  the  j)revailing  winds.  This  may  be  overcome  to  some  ex- 
tent by  a  proper  location  of  the  furnace  and  by  the  use  of  extra  large 
pipes  for  conveying  the  hot  air  to  those  rooms  requiring  special  at- 
tention. 

Direct  Steam.  Direct  steam,  so  called,  is  widely  used  in  all 
classes  of  buildings,  both  by  itself  and  in  combination  with  other 
systems.  The  first  cost  of  installation  is  greater  than  for  a  furnace; 
but  the  amount  of  fuel  recjuired  is  less,  as  no  outside  air  suj)ply  is 
necessary.  Jf  used  for  warming  hospitals,  schoolhouses,  or  other 
buildings  where  a  generous  supply  of  fresh  air  is  desired,  this  method 
must  be  supplemented  by  some  form  of  ventilating  system. 

One  of  the  principal  advantages  of  direct  steam  is  the  ability 
to  heat  all  rooms  alike,  regardless  of  th(M*r  location  or  of  th(>  action 
of  winds. 

When  compared  with  hot-water  heating,  it  has  still  another 
desirable  feature — which  is  its  freedom  from  damage  bv  the  freezinir 
of  water  in  the  radiators  when  closed,  which  is  likely  to  happen  in 
unused  rooms  during  very  cold  wtnither  in  the  case  of  the  former 
system. 

On  the  other  iiand,  the  sizes  of  the  radiators  nuist  be  j)roj)ortioned 
for  warming  the  rooms  in  the  coldest  weather,  and  unfortunately 
there  is  no  satisfactory  method  of  regulating  the  amount  of  heat  in 
mild  weather,  except  by  shutting  off  or  turning  on  steam  in  the  radia- 
ators  at  more  or  less  frecjuent  intervals  as  may  be  rcfjuired,  imless  one 
of  the  expensive  systems  of  automatic  control  is  employed.  In  large 
rooms,  a  certain  amount  of  regulation  can  be  secured  by  dividing 
the  radiation  into  two  or  more  parts,  so  that  different  combinations 
may  be  used  under  varying  conditions  of  outside  temperature.  If 
two  radiators  are  u.sed,  their  surface  should  be  proportioned,  when 
convenient,  in  the  ratio  of  1  to  2,  in  which  ca.se  one-third,  two-thirds, 
or  the  whole  power  of  the  radiation  can  be  used  as  desired. 
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Indirect  Steam.  This  system  of  heating  comhines  some  of  the 
advantages  of  both  the  furnace  and  direct  steam,  but  is  more  costly 
to  install  than  either  of  these.  The  amount  of  fuel  required  is  about 
th(^  same  as  for  furnace  heating,  because  in  each  case  the  cool  fresh 
air  must  be  warmed  up  to  the  temperature  of  the  room,  before  it  can 
become  a  medium  for  conveying  heat  to  offset  that  lost  by  leakage 
and  conduction  through  walls  and  windows. 

A  system  for  indirect  steam  may  be  so  designed  that  it  will  supply 
a  greater  quantity  of  fresh  air  than  the  ordinary  form  of  furnace,  in 
Avhich  case  the  cost  of  fuel  will  of  course  be  increased  in  proportion  to 
the  volume  of  air  supplied.  Instead  of  placing  the  radiators  in  the 
rooms,  a  special  form  of  heater  is  supported  near  the  basement  ceiling 
and  encased  in  either  galvanized  iron  or  brick.  A  cold-air  supply 
duct  is  connected  with  the  space  below  the  heater,  and  warm  air  pipes 
are  taken  from  the  top  and  connected  with  registers  in  the  rooms  to 
be  heated  the  same  as  in  the  case  of  furnace  heating. 

A  separate  stack  or  heater  may  be  provided  for  each  register  if 
the  rooms  are  large;  but,  if  small  and  so  located  that  they  may  be 
reached  by  short  runs  of  horizontal  pipe,  a  single  heater  may  serve 
for  two  or  more  rooms. 

The  advantage  of  indirect  steam  over  furnace  heating  comes  from 
the  fact  that  the  stacks  may  be  placed  at  or  near  the  bases  of  the  flues 
leading  to  the  different  rooms,  thus  doing  away  with  long,  horizontal 
runs  of  pipe,  and  counteracting  to  a  considerable  extent  the  effect  of  • 
wind  pressure  upon  exposed  rooms.  Indirect  and  direct  heating  are 
often  combined  to  advantage  by  using  the  former  for  the  more  import- 
ant rooms,  where  ventilation  is  desired,  and  the  latter  for  rooms  more 
remote  or  where  heat  only  is  required. 

Another  advantage  is  the  large  ratio  between  the  radiating  sur- 
face and  grate-area,  as  compared  with  a  furnace;  this  results  in  a  large 
volume  of  air  being  warmed  to  a  moderate  temperature  instead  of  a 
smaller  quantity  being  heated  to  a  much  higher  temperature,  thus 
giving  a  more  agreeable  quality  to  the  air  and  rendering  it  less  dry. 

Indirect  steam  is  adapted  to  all  the  buildings  mentioned  in  con- 
nection with  furnace  heating,  and  may  be  used  to  much  better  advan- 
tage in  those  of  large  size.  This  applies  especially  to  cases  where 
more  than  one  furnace  is  necessary;  for,  with  steam  heat,  a  smgle 
boiler,  or  a  battery  of  boilers,  may  be  made  to  supply  heat  for  a  build- 
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ing  of  any  size,  or  for  a  group  of  several  buildings,  if  desired,  and  is 
much  easier  to  care  for  than  several  furnaces  widely  scattered. 

Direct-Indirect  Radiators.  These  radiators  are  placed  in  the 
room  the  same  as  the  ordinary  direct  type.  The  construction  is  such 
that  when  the  sections  are  in  place,  small  (lues  are  formed  between 
them;  and  air,  being  admitted  through  an  opening  in  the  outside  wall, 
passes  upward  through  them  and  becomes  heated  before  entering  the 
room.  A  switch  damper  is  placed  in  the  casing  at  the  base  of  the 
radiator,  so  that  air  may  be  taken  from  the  room  itself  instead  of 
from  out  of  doors,  if  so  desired.  Radiators  of  this  kind  are  not  used 
to  any  great  extent,  as  there  is  likely  to  be  more  or  less  leakage  of  coM 
air  into  the  room  around  the  base.  If  ventilation  is  required,  it  is 
better  to  use  the  regular  form  of  indirect  heater  with  flue  and  register, 
if  possible.  It  is  sometimes  desirable  to  partially  ventilate  an  isolated 
room  where  it  would  be  impossible  to  run  a  flue,  and  in  cases  of  this 
kind  the  direct-indirect  form  is  often  useful. 

Direct  Hot  Water.  Hot  water  is  especially  adapted  to  the  warm- 
ing of  dwellings  and  greenhouses,  owing  to  the  ease  with  which  the 
temperature  can  be  regulated.  When  steam  is  used,  the  radiators  are 
always  at  practically  the  same  temperature,  while  with  hot  water  the 
temperature  can  be  varied  at  will.  A  system  for  hot-water  heating 
costs  more  to  install  than  one  for  steam,  as  the  radiators  must  be  larger 
and  the  pipes  more  carefully  run.  On  the  other  hand,  the  cost  of 
operating  is  somewhat  less,  because  the  water  need  be  carried  only  at 
a  temperature  sufficiently  high  to  warm  the  rooms  properly  in  mild 
weather,  while  with  steam  the  building  is  likely  to  become  overheated, 
and  more  or  less  heat  wasted  through  open  doors  and  windows. 

A  comparison  of  the  relative  costs  of  installing  and  operating  hot- 
air,  steam,  and  hot-water  systems,  is  given  in  Table  I. 

TABLE  I 
Relative  Cost  of  Heating  Systems 


Hot  Air 

Stkam 

Hot  Water 

Relative  cost  of  apparatus 

lielative  cost,  adt  ing  repairs  and  fuel 

for  five  years 
Relative  cost,  adding  repairs  and  fuel  for 

fifteen  years 

9 

291 
81 

13 
29  J 
63 

1.5 
27 
52i 
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One  disadvantage  in  the  use  of  hot  water  is  the  danger  from 
freezing  when  radiators  are  shut  off  in  unused  rooms.  This  makes 
it  necessary  in  very  cold  weather  to  have  all  parts  of  the  system  turned 
on  sufficiently  to  produce  a  circulation,  even  if  very  slow.  This  is 
sometimes  accomplished  by  driUing  a  very  small  hole  (about  I  inch) 
in  the  valve-seat,  to  that  when  closed  there  will  still  be  a  very  slow 
circulation  through  the  radiator,  thus  preventing  the  temperature  of 
the  water  from  reaching  the  freezing  point. 

Indirect  Hot  Water.  This  is  used  under  the  same  conditions  as 
indirect  steam,  but  more  especially  in  the  case  of  dwellings  and  hospi- 
tals. When  applied  to  other  and  larger  buildings,  it  is  customary  to 
force  the  water  through  the  mains  by  means  of  a  pump.  Larger 
heating  stacks  and  supply  pipes  are  required  than  for  steam;  but  the 
arrangement  and  size  of  air-flues  and  registers  are  practically  the 
same,  although  they  are  sometimes  made  slightly  larger  in  special  cases. 

Exhaust  Steam.  Exhaust  steam  is  used  for  heating  in  connection 
with  power  plants,  as  in  shops  and  factories,  or  in  office  buildings 
which  have  their  own  lighting  plants.  There  are  two  methods  of 
using  exhaust  steam  for  heating  purposes.  One  is  to  carry  a  back 
pressure  of  2  to  5  pounds  on  the  engines,  depending  upon  the  length 
and  size  of  the  pipe  mains;  and  the  other  is  to  use  some  form  of  vacuum 
system  attached  to  the  returns  or  air-valves,  which  tends  to  reduce 
the  back  pressure  rather  than  to  increase  it. 

Where  the  first  method  is  used  and  a  back  pressure  carried,  either 
the  boiler  pressure  or  the  cut-off  of  the  engines  must  be  increased,  to 
keep  the  mean  effective  pressure  the  same  and  not  reduce  the  horse- 
power delivered.  In  general  it  is  more  economical  to  utilize  the  ex- 
haust steam  for  heating.  There  are  instances,  however,  where  the 
relation  between  the  quantities  of  steam  required  for  heating  and  for 
power  are  such — especially  if  the  engines  are  run  condensing — that 
it  is  better  to  throw^  the  exhaust  away  and  heat  with  live  steam. 
^^^lere  the  vacuum  method  is  used,  these  difficulties  are  avoided;  and 
for  this  reason  that  method  is  coming  into  quite  common  use. 
If  the  condensation  from  the  exhaust  steam  is  returned  to  the 
boilers,  the  oil  must  first  be  removed;  this  is  usually  accomplished  by 
passing  the  steam  through  some  form  of  grease  extractor  as  it  leaves 
the  engine.  The  water  of  condensation  is  often  passed  through  a 
separating  tank  in  ad<lition  to  tliis,  before  it  is  delivered  to  the  return 


15 


G  HEATING  AND  VENTILATION 

pumps.  It  is  better,  however,  to  remove  a  portion  of  the  oil  before 
the  steam  enters  the  heating  system ;  otherwise  a  coating  will  be  formed 
uj)on  the  inner  surfaces  of  the  radiators,  which  will  reduce  their 
efhciency  to  some  extent. 

Forced  Blast.    This  method  of  heating,  in  different  forms,  is 
used  for  the  warming  of  factories,  schools,  churches,  theaters,  halls — 
in  fact,  any  large  building  where  good  ventilation  is  desired.     The 
air  for  warming  is  drawn  or  forced  through  a  heater  of  special  design, 
and  discharged  by  a  fan  or  blower  into  ducts  which  lead  to  registers 
placed  in  the  rooms  to  be  warmed.     The  heater  is  usually  made  up  in 
sections,  so  that  steam  may  be  admitted  to  or  shut  off  from  any  section 
independently  of  the  others,  and  the  temperature  of  the  air  regulated 
in  this  manner.     Sometimes  a  by-pass  damper  is  attached,  so  that 
part  of  the  air  will  pass  through  the  heater  and  part  around  or  over  it ; 
in  this  way  the  proportions  of  cold  and  heated  air  may  be  so  adjusted 
as  to  give  the  desired  temperature  to  the  air  entering  the  rooms.     These 
forms  of  regulation  are  common  where  a  blower  is  used  for  warming 
a  single  room,  as  in  the  case  of  a  church  or  hall;  but  Avhere  several 
rooms  are  warmed,  as  in  a  schoolhouse.  it  is  customary  to  use  the 
main  or  primary  heater  at  the  blower  for  warming  the  air  to  a  given 
temperature  (somewhat  below  that  which  is  actually  required),  and 
to  supplement  this  by  placing  secondary  coils  or  heaters  at  the  bottoms 
of  the  flues  leading  to  the  different  rooms.     By  means  of  this  arrange- 
ment, the  temperature  of  each  room  can  be  regulated  independently 
of  the  otiiers.    The  so-called  doublc-dud  system  is  sometimes  employed. 
In  this  case,  two  ducts  are  carried  to  each  register,  one  supplying  hot 
air  and  the  other  cold  or  tempered  air;  and  a  damper  for  mixing  these 
in  the  right  proportions  is  placed  in  the  flue,  below  the  register. 

Electric  Heating.  Unless  electricity  can  be  produced  at  a  very 
low  cost,  it  is  not  practicable  for  heating  residences  or  large  buildings. 
The  electric  heater,  however,  has  quite  a  wide  field  of  application  ir 
heating  small  offices,  bathrooms,  electric  cars,  etc.  It  is  a  convenient 
method  of  warming  isolated  rooms  on  cold  mornings,  in  late  spring  and 
early  fall,  when  the  regular  heating  apj)aratus  of  the  building  is  not  in 
operation.  It  has  the  advantage  of  being  instantly  available,  and  the 
amount  of  heat  can  be  regulated  at  will.  I^lectric  heaters  are  clean, 
(jo  not  vitiate  the  air,  and  are  easily  moved  from  ])lace  to  place. 
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PRINCIPLES    OF    VENTILATION 

Closely  connected  with  the  subject  of  heatinf^  is  the  problem  of 
maintaining  air  of  a  certain  standard  of  purity  in  the  various  buildings 
occupied. 

The  introduction  of  pure  air  can  Ix*  done  properly  only  in  con- 
nection with  some  system  of  heating;  and  no  system  of  heating  is 
complete  without  a. supply  of  pure  air,  depending  in  amount  upon  the 
kind  of  building  and  the  purpose  for  which  it  is  used. 

Composition  of  the  Atmosphere.  Atmospheric  air  is  not  a  simple 
substance  but  a  mechanical  mixture.  Oxygen  and  nitrogen,  the 
principal  constituents,  are  present  in  very  nearly  the  proportion  of  one 
part  of  oxygen  to  four  parts  of  nitrogen  by  weight.  Carbonic  acid  gas, 
the  product  of  all  combustion,  exists  in  the  proportion  of  3  to  5  parts 
in  10,000  in  the  open  country.  Water  in  the  form  of  vapor,  varies 
greatly  with  the  temperature  and  with  the  exposure  of  the  air  to  open 
bodies  of  water.  In  addition  to  the  above,  there  are  generally  present, 
in  variable  but  exceedingly  small  quantities,  ammonia,  sulphuretted 
hydrogen,  sulphuric,  sulphurous,  nitric,  and  nitrous  acids,  floating 
organic  and  inorganic  matter,  and  local  impurities.  Air  also  contains 
ozone,  which  is  a  peculiarly  active  form  of  oxygen ;  and  lately  another 
constituent  called  organ  has  been  discovered. 

Oxygen  is  the  most  important  element  of  the  air,  so  far  as  both 
heating  and  ventilation  are.  concerned.  It  is  the  active  element  in  the 
chemical  process  of  combustion  and  also  in  the  somewhat  similar 
process  which  takes  place  in  the  respiration  of  human  beings.  Taken 
into  the  lungs,  it  acts  upon  the  excess  of  carbon  in  the  blood,  and  pos- 
sibly upon  other  ingredients,  forming  chemical  compounds  which  are 
thrown  off  in  the  act  of  respiration  or  breathing. 

Nitrogen.  The  principal  bulk  of  the  atmosphere  is  nitrogen, 
which  exists  uniformly  diffused  with  oxygen  and  carbonic  acid  gas. 
This  element  is  practically  inert  in .  all  processes  of  combustion  or 
respiration.  It  is  not  affected  in  composition,  either  by  passing  through 
a  furnace  during  combustion  or  through  the  lungs  in  the  process  of 
respiration.  Its  action  is  to  render  the  oxygen  less  active,  and  to 
absorb  some  part  of  the  heat  produced  by  the  process  of  oxidation. 

Carbonic  acid  gas  is  of  itself  only  a  neutral  constituent  of  the 
atmosphere,  like  nitrogen ;  and — contrary  to  the  general  impression — 
its  presence  in  moderately  large  quantities  (if  uncombined  with  other 


17 


8  HEATING  AND  VENTILATION 

substances)  is  neither  disagreeable  nor  especially  harmful.  Its 
presence,  however,  in  air  provided  for  respiration,  decreases  the  readi- 
ness with  which  the  carbon  of  the  blood  unites  with  the  oxvsren  of  the 
air;  and  therefore,  when  present  in  sufficient  quantity,  it  may  cause 
indirectly,  not  only  serious,  but  fatal  results.  The  real  harm  of  a 
vitiated  atmosphere,  however,  is  caused  by  the  other  constituent 
gases  and  by  the  minute  organisms  which  are  produced  in  the  process 
of  respiration.  It  is  known  that  these  other  impurities  exist  in  fixed 
proportion  to  the  amount  of  carbonic  acid  present  in  an  atmosphere 
vitiated  by  respiration.  Therefore,  as  the  relative  proportion  of 
carbonic  acid  can  easily  be  determined  by  experiment,  the  fixing  of  a 
standard  limit  of  the  amount  in  which  it  may  be  allowed,  also  limits  the 
amounts  of  other  impurities  which  are  found  in  combination  with  it. 

When  carbonic  acid  is  present  in  excess  of  10  parts  in  10,000 
parts  of  air,  a  feeling  of  weariness  and  stuffiness, generally  accompanied 
by  a  headache,  will  be  experienced;  while  with  even  8  parts  in  10,000 
parts  a  room  would  be  considered  close.  For  general  considerations 
of  ventilation,  the  limit  should  be  placed  at  6  to  7  parts  in  10,000,  thus 
allowing  an  increase  of  2  to  3  parts  over  that  present  in  outdoor  air, 
which  may  be  considered  to  contain  four  parts  in  10,000  under  ordi- 
nary conditions. 

Analysis  of  Air.  An  accurate  qualitative  and  quantitative 
analysis  of  air  samples  can  be  made  only  by  an  experienced  chemist. 
There  are,  however,  several  approximate  methods  for  determining 
the  amount  of  carbonic  acid  present,  which  are  sufficiently  exact  for 
practical  purposes.     Among  these  the  following  is  one  of  the  simplest : 

The  necessary  apparatus  consists  of  six  clean,  dry,  and  tightly 
corked  bottles,  containing  respectively  100, 200,  250, 300, 350,  and  400 
cubic  centimeters,  a  glass  tube  containing  exactly  15  cubic  centimeters 
.to  a  given  mark,  and  a  bottle  of  perfectly  clear,  fresh  limewater.  The 
bottles  should  be  filled  with  the  air  to  be  examined  by  means  of  a  hand- 
ball syringe.  Add  to  the  smallest  bottle  15  cubic  centimeters  of  the 
limewater,  put  in  the  cork,  and  shake  well.  If  the  limewater  has  a 
milky  appearance,  the  amount  of  carbonic  acid  will  be  at  least  16 
parts  in  10,000.  If  the  contents  of  the  bottle  remain  clear,  treat  the 
bottle  of  200  cubic  centimeters  in  the  same  manner;  a  milky  appear- 
ance or  turbidity  in  this  would  indicate  12  parts  in  10,000.  In  a 
similar  manner,  turbiditv  in  the  250  cul)ic  centimeter  bottle  indicates 
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10  parts  ill  10,000;  in  the  300,  8  parts;  in  the  350,  7  parts;  and  in  the 
400,  less  than  6  parts.  The  abihty  to  conduct  more  accurate  analyses 
can  be  attained  only  by  special  study  and  a  knowledge  of  chemical 
properties  and  of  methods  of  investigation. 

Another  method  similar  to  the  above,  makes  use  of  a  glass 
cylinder  containing  a  given  quantity  of  limewater  and  provided  with  a 
piston.  A  sample  of  the  air  to  be  tested  is  drawn  into  the  cylinder  by 
an  upward  movement  of  the  piston.  The  cylinder  is  then  thoroughly 
shaken,  and  if  the  limewater  shows  a  milky  appearance,  it  indicates 
a  certain  proportion  of  carbonic  acid  in  the  air.  If  the  limewater 
remains  clear,  the  air  is  forced  out,  and  another  cylinder  full  drawn  in, 
the  operation  being  repeated  until  the  limewater  becomes  milky. 
The  size  of  the  cylinder  and  the  quantity  of  limewater  are  so  propor- 
tioned that  a  change  in  color  at  the  first,  second,  third,  etc.,  cylinder 
full  of  air  indicates  different  proportions  of  carbonic  acid.  This  test 
is  really  the  same  in  principle  as  the  one  previously  described;  but  the 
apparatus  used  is  in  more  convenient  form. 

Air  Required  for  Ventilation.  The  amount  of  air  required  to 
maintain  any  given  standard  of  purity  can  very  easily  be  determined, 
provided  we  know  the  amount  of  carbonic  acid  given  off  in  the  process 
of  respiration.  It  has  been  found  by  experiment  that  the  average 
production  of  carbonic  acid  by  an  adult  at  rest  is  about  .6  cubic  foot 
per  hour.  If  we  assume  the  proportion  of  this  gas  as  4  parts  in  10,000 
in  the  external  air,  and  are  to  allow  6  parts  in  10,000  in  an  occupied 
room,  the  gain  will  be  2  parts  in  10,000;  or,  in  other  words,  there  will 

2  .         ' 

be =  .0002  cubic  foot  of  carbonic  acid  mixed  with  each  cubic 

10,000 

foot  of  fresh  air  entering  the  room.     Therefore,  if  one  person  gives 

off  .6  cubic  foot  of  carbonic  acid  per  hour,  it  will  require  .6  -f-  .0002 

=  3,000  cubic  feet  of  air  per  hour  per  person  to  keep  the  air  in  the 

room  at  the  standard  of  purity  assumed — that  is,  6  parts  of  carbonic 

acid  in  10,000  of  air. 

Table  II  has  been  computed  in  this  manner,  and  shows  the 
amount  of  air  which  must  be  introduced  for  each  person  in  order  to 
maintain  various  standards  of  purity. 

While  this  table  gives  the  theoretical  quantities  of  air  required 
for  different  standards  of  purity,  and  may  be  used  as  a  guide,  it  will  be 
better  in  actual  practice  to  use  quantities  which  experience  has  shown 
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to  give  good  results  in  different  types  of  buildings.  In  auditoriums 
where  the  cubic  space  per  individual  is  large,  and  in  which  the  atmos- 
phere is  thoroughly  fresh  before  the  rooms  are  occupied,  antl  the 
occupancy  is  of  only  two  or  three  hours'  duration,  the  air-supply  may 
be  reduced  somewhat  from  the  figures  given  below. 

TABLE  II 
Quantity  of  Air  Required  per  Person 


SxANDARn  P.MiTS    OF   C 

Acid  in  10.000  of 

MtnONIC 

Air 

Cubic  Feet  of  Air  Required  per  Person 

IN  Room 

Per  Minute 

Per  Hour 

5 

100 

6,000 

6 

50 

3,000 

7 

33 

2,000 

8 

25 

1..500 

9 

20 

1,200 

10 

16 

1,000 

Table  III  represents  good  modern  practice  and  may  be  used 
with  satisfactory  results : 

TABLE  III 
Air  Required  for  Ventilation  of  Various  Classes  of  Buildings 


Air-Supply  per  Occupant  for 

CuBjic  Feet  per 

Minute 

Cubic  Feet  per 
Hour 

Hospitals 

High  Scliools 

(Irainniar  Schools 

Theaters  and  Assembly  Halls 

Churches 

SO  to  100 
50 
.40 
25 
20 

4,  SOO  to  6,  000 
3,  000 
2,  400 
1,500 
1,200 

When  possible,  the  air-supply  to  any  given  room  should  be  based 
upon  the  number  of  occupants.  It  sometimes  happens,  however, 
that  this  information  is  not  available,  or  the  character  of  the  room  is 
such  that  the  number  of  persons  occupying  it  may  vary,  as  in  the  case 
of  public  waiting  rooms,  toilet  rooms,  etc.  In  instances  of  this  kind, 
the  recjuired  air-volume  may  be  based  upon  the  mmiber  of  changes 
per  hour.  In  using  this  method,  various  considerations  must  be  taken 
into  account,  such  as  the  use  of  the  room  and  its  condition  as  to  crowd- 
ing, character  of  occupants,  etc.  In  general,  the  following  will  be 
found  satisfactory  for  average  conditions: 
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TABLE  IV 
Number  of  Changes  of  Air  Required  in  Various  Rooms 


Use  of  Room 

.    Chang KS  of  Air  per  Hour 

Public  Waiting  Room 
Public  Toilets 
Coat  and  Locker  Rooms 
Museums 
Offices,  Public 
Offices,  Private 
Public  Dining  Rooms 
Living  Rooms 
Libraries,  Public 
Libraries,  Private 

4  to  5 

5  "   6 
4  "    5 

3  "   4 

4  "    5 

3  "   4 

4  "   5 

3  "   4 

4  "    5 
3  "   4 

Force  for  Moving  Air.  Air  is  moved  for  ventilating  purposes  in 
tvN-o  ways:  (1)  by  expansion  due  to  heating;  (2)  by  mechanical  means. 
The  effect  of  heat  on  the  air  is  to  increase  its  volume  and  therefore 
lessen  its  density  or  weight,  so  that  it  tends  to  rise  and  is  replaced  by 
the  colder  air  below.  The  available  force  for  moving  air  obtained  in 
this  way  is  very  small,  and  is  quite  likely  to  be  overcome  by  wind  or 
external  causes.  It  will  be  found  in  general  that  the  heat  used  for 
producing  velocity  in  this  manner,  Avhen  transformed  into  woHv  in 
the  steam  engine,  is  greatly  in 
excess  of  that  required  to  pro- 
duce the  same  effect  by  the  use  of 
a  fan. 

Ventilation  by  mechanical 
means  is  performed  either  by 
pressure  or  by  suction.  The  for- 
mer is  used  for  delivering  fresh  air 
into  a  building,  and  the  latter  for 
removing    the    foul  air  from  it. 

By  both  processes  the  air  is  moved     Fig.  l.    common  Form  of  Anemometer,  for 
■'  ^  .  Measuring  Velocity  of  Air-Currents. 

without  change    in   temperature, 

and  the  force  for  moving  must  be  sufficient  to  overcome  the  effects 
of  wind  or  changes  in  outside  temperature.  Some  form  of  fan  is  used 
for  this  purpose. 

Measurements  of  Velocity.  The  velocity  of  air  in  ventilating 
ducts  and  flues  is  measured  directly  by  an  instrument  called  an  ane- 
mometer. A  common  form  of  this  instrument  is  shown  in  Fig.  1.  It 
consists  of  a  series  of  flat  vanes  attached  to  an  axis,  and  a  series  of  dials. 
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The  revolution  of  the  axis  causes  motion  of  tlic  hands  in  ])r()portion  to 
the  velocity  of  the  air,  and  the  result  can  be  read  directly  from  the  dials 
for  any  given  period. 

For  approximate  results  the  anemometer  may  l)e  slowly  moved 
across  the  opening  in  either  vertical  or  horizontal  parallel  lines,  so 
that  the  readings  will  be  made  up  of  velocities  taken  from  all  parts  of 
the  opening.  For  more  accurate  work,  the  opening  should  be  divided 
into  a  number  of  squares  by  means  of  small  twine,  and  readings  taken 
at  the  center  of  each.  The  mean  of  these  readings  will  give  the 
average  velocity  of  the  air  through  the  entire  opening. 

AIR  DISTRIBUTION 

The  location  of  the  air  inlet  to  a  room  depends  upon  the  size  of 
the  room  and  the  purpose  for  which  it  is  used.  In  the  case  of  living 
rooms  in  dwelling-houses,  the  registers  are  placed  either  in  the  floor 
or  in  the  wall  near  the  floor;  this  brings  the  warm  air  in  at  the  coldest 
part  of  the  room  and  gives  an  opportunity  for  warming  or  drying  the 
feet  if  desired.  In  the  case  of  schoolrooms,  where  large  volumes  of 
warm  air  at  moderate  temperatures  are  required,  it  is  best  to  discharge 
it  through  openings  in  the  wall  at  a  height  of  7  or  8  feet  from  the  floor; 
this  gives  a  more  even  distribution,  as  the  warmer  air  tends  to  rise  and 
hence  spreads  uniformly  under  the  ceiling;  it  then  gradually  displaces 
other  air,  and  the  room  becomes  filled  with  pure  air  without  sensible 
currents  or  drafts.  The  cooler  air  sinks  to  the  bottom  of  the  room,  and 
can  be  taken  off  through  ventilating  registers  placed  near  the  floor. 
The  relative  positions  of  the  inlet  and  outlet  are  often  governed  to 
some  extent  by  the  building  construction;  but,  if  possible,  they  should 
both  be  located  in  the  same  side  of  the  room.  Figs.  2,  3,  and  4  show 
common  arrangements. 

The  vent  outlet  should  always,  if  possible,  be  placed  in  an  inside 
wall;  otherwise  it  will  become  chilled  and  the  air-flow  through  it  will 
become  sluggish.  In  theaters  and  churches  which  are  closely  packed, 
the  air  should  enter  at  or  near  the  floor,  in  finely-divided  streams;  and 
the  discharge  ventilation  should  be  through  openings  in  the  ceiling. 
The  reason  for  this  is  the  large  amount  of  animal  heat  given  off  from 
the  bodies  of  the  audience;  this  causes  the  air  to  become  still  further 
heated  after  entering  the  room,  and  the  tendency  is  to  rise  continuously 
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from  floor  to  ceiling,  thus  carrying  away  all  impurities  from  respiration 
as  fast  as  they  are  given  off. 

All  audience  halls  in  which  the  occupants  are  closely  seated  should 
be  treated  in  the  same  manner,  when  possible.  This,  however,  can- 
not alwavs  be  done,  as  the  seats  are  often  made  removable  so  that  the 


OUTSJDE    VsfALL 

Fig.  2. 


OUTSIDE  \\£ALL 

Fig.  3. 


OUTS/DC  \A/ALJ. 
Fig.  A. 


Diagi-ams  Showing  Relative  Positions  of  Air  Inlets  and  Otitlets  as  Commonly  Arranged. 

floor  can  be  used  for  other  purposes.  In  cases  of  this  kind,  part  of 
the  air  may  be  introduced  through  floor  registers  placed  along  the  outer 
aisles,  and  the  remainder  by  means  of  wall  inlets  the  same  as  for  school- 
rooms. The  discharge  ventilation  should  be  partly  through  registers 
near  the  floor,  supplemented  by  ample  ceiling  vents  for  use  when  the 
hall  is  crowded  or  the  outside  temperature  high. 

The  matter  of  air-velocities,  size  of  flues,  etc.,  will  be  taken  up 
under  the  head  of  "Indirect  Heating." 

HEAT  LOSS  FROM  BUILDINGS 

A  British  Thermal  Unit,  or  B.  T.  U.,  has  been  defined  as  the 
amount  of  heat  required  to  raise  the  temperature  of  one  pound  of 
water  one  degree  F.  This  measure  of  heat  enters  into  many  of  the 
calculations  involved  in  the  solving  of  problems  in  heating  and  ventila- 
tion, and  one  should  familiarize  himself  with  the  exact  meaning  of 
the  term. 

Causes  of  Heat  Loss.  The  heat  loss  from  a  building  is  due  to 
the  following  causes:  (1)  radiation  and  conduction  of  heat  through 
walls  and  windows;  (2)  leakage  of  warm  air  around  doors  and  win- 
dows and  through  the  walls  themselves ;  and  (3)  heat  required  to  warm 
the  air  for  ventilation. 

Loss  through  Walls  and  Windows.  The  loss  of  heat  through 
the  walls  of  a  building  depends  upon  the  material  used  in  construction 
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TABLE  V 

Heat  Losses  in  B.  T.  U.  per  Square  Foot  of  Surface  per  Hour — 

Southern  Exposure 


Material 


8-in.  Brick  Wall 

12-in.  iirick  Wall 

IG-in.  Brick  Wall 

20-in.  Brick  Wall 

24-in.  Brick  Wall 

2S-in.  Brick  Wall 

32-in.  Brick  Wall 

Single  Window 

Double  Window 

Single  Skylijiht 

Double  Skylight 

1-in.  Wooden  Door 

2-in.  Wooden  Door 

2-in.  Solid  Plaster  Partition  .  . 
3-in.  Solid  Plaster  Partition.  . 
Concrete  Floor  on  Brick  Arch. 
Wood  Floor  on  Brick  Arch . 

Double  Wood  Floor 

Walls  of  ( )rdinary  Wooden 
Dwellings 


Difference   between     Inside    and    Out- 
side Temperatures 


10° 

5 

20° 
9 

30° 

40° 

18 

50° 
22 

60° 

27' 

70° 

31 

80° 

36 

90° 
40 

100° 

13 

45 

4 

7 

10 

13 

16; 

20 

23 

26 

30 

33 

3 

5 

8 

10 

13 

16 

19 

22 

24 

27 

2.8 

4.5 

7 

9 

11 

14 

16 

18 

20 

23 

2.5 

4 

6 

8 

10 

12 

14! 

16 

18' 

20 

2 

3.5 

5 

7 

9 

11 

13! 

14 

16 

18 

1.5 

3 

4.5 

6 

8 

10 

Ill 

13 

15 

16 

12 

24 

36 

49 

60 

73 

85' 

93 

110 

122 

8 

10 

24 

32 

40 

48 

56 

62 

70 

78 

11 

21 

31 

42 

52 

63 

73 

84 

94 

104 

7 

14 

20 

28 

35 

42 

48 

56 

62 

70 

4 

S 

12 

16 

20 

24 

28 

32 

30 

40 

3 

5 

8 

11 

14 

17 

20 

23 

25 

28 

G 

12 

IS 

24 

30 

30 

42 

48 

54 

00 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

2 

4 

6.5 

9 

11 

13 

15 

18 

20 

22 

1.5 

3 

4.5 

6 

7 

9 

10 

12 

13 

15 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

3 

5 

8 

10 

13 

16 

19 

22 

24 

1 

27 

1 

For  solid  stone  tvalls,  multiply  the  figures  for  brick  of  the  same  thickness 
by  1.7.  Where  rooms  have  a  cold  attic  cthore  or  cellar  beneath,  multijily  the 
heat  loss  through  walls  and  windows  by  1  . 1 . 

Correction  lor  Leakage.     The  figures  given  in  the  above  table  apply  only 
to  the  most  thorough  construction.     For  the  average  well-built   house,  the- 
results  should  be  increased  about  10  per  cent;  for  fairly  good  construction, 
20  per  cent;  and  for  poor  construction,  30  per  cent. 

Table  V  applies  only  to  a  southern  expo.sure;  for  otlier  expo.sures  multi- 
ply the  heat  loss  given  in  Table  V  b}'  the  factors  given  in  Table  VI. 

of  the  wall,  the  thickness,  the  number  of  layers,  and  the  difference 
between  the  inside  and  outside  temperatures.  The  exact  amount  of 
heat  lost  in  this  way  is  very  difficult  to  determine  theoretically,  hence 
we  depend  principally  on  the  results  of  experiments. 

Loss  by  Air-Leakage.  The  leakaf^e  of  air  from  a  room  varies 
from  one  to  two  or  more  changes  of  the  entire  contents  per  hour, 
depending  upon  the  construction,  opening  of  doors,  etc.  It  is  com- 
mon practice  to  allow  for  one  change  per  hour  in  well-constructed 
buildings  where  two  walls  of  the  room  have  an  outside  exposure.  As 
the  amount  of  leakage  depends  upon  the  extent  of  exposed  wall  and 
window  surface,  the  simplest  way  of  providing  for  this  is  to  increase 
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TABLE  VI 
Factors  for  Calculating  Heat  Loss  for  Other  than  Southern  Exposures 


Exposunio 

F.\CTOR 

N. 

1.32 

E. 

1.12 

S. 

1.0 

w. 

■     1.20 

N.E. 

1.22      . 

N.  W. 

1.26 

S.E. 

1.06 

s.  w. 

1.10 

N.,  E.,  S.,  and  W.,  or  total  exposure 

1.16 

the  total  loss  through  walls  and  windows  by  a  factor  depending  upon 
the  tightness  of  the  building  construction.  Authorities  differ  con- 
siderably in  the  factors  given  for  heat  losses,  and  there  are  various 
methods  for  computing  the  same.  The  figures  given  in  Table  V  have 
been  used  extensively  in  actual  practice,  and  have  been  found  to  give 
good  results  when  used  with  judgment.  The  table  gives  the  heat  losses 
through  different  thicknesses  of  walls,  doors,  windows,  etc.,  in  B.  T. 
U.,  per  square  foot  of  surface  per  hour,  for  varying  differences  in  inside 
and  outside  temperatures. 

In  computing  the  heat  loss  through  walls,  only  those  exposed  to 
the  outside  air  are  considered. 

In  order  to  make  the  use  of  the  table  clear,  we  shall  give  a  num- 
ber of  examples  illustrating  its  use: 

Exayriple  1.  Assuming  an  inside  temperature  of  70°,  what  will  be  the 
heat  loss  from  a  room  ha^'ing  an  exposed  wall  surface  of  200  square  feet  and  a 
glass  surface  of  50  square  feet,  when  the  outside  temperature  is  zero?  The 
wall  is  of  brick,  16  inches  in  thickness,  and  has  a  southern  exposure;  the  win- 
dows are  single;  and  the  construction  is  of  the  best,  so  that  no  account  need 
be  taken  of  leakage 

We  find  from  Table  V,  that  the  factor  for.  a  Ifi-inch  brick  wall 
with  a  difference  in  temperature  of  70°  is  19,  and  that  for  glass  (single 
window)  under  the  same  condition  is  85;  therefore, 

Loss  through  walls  =  200  X   19   =    3,S00 

I^oss  through  windows   =      50   X   85    =    4,250 


Total  loss  per  hour  =   8,050  B.T.U. 

Example  2.  A  room  1.5  ft.  square  and  10  ft.  high  has  two  exposed  walls, 
one  toward  the  north,  and  the  other  toward  the  west.  There  are  4  windows, 
each  3  feet  bj^  6  feet  in  size.     The  two  in  the  north  wall  are  double.  Nvhile  the 
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other  two  are  single.  Tlie  walls  are  of  brick,  20  inches  in  thickness.  With  an 
inside  temperature  of  70°,  what  will  be  the  heat  loss  per  hour  when  it  is  10° 
below  zero? 

Total  expo.st>(l  .surface  =  15  X  10  X  2  =  300 
Glass  surface  =    3  X     fi  X  4  -     72 

Net  wall  surface     =  22S 

Difference  between  inside  and  outside  temperature  80°. 
Factor  for  20-inch  brick  wall  is  IS.  ", 

Factor  for  single  window  is  93. 
Factor  for  double  window  is  62. 
Tbe  heat  losses  are  as  follows : 

Wall,  228  X  18  =  4,104 

Single  Windows,     36  X  03  =  3,348 

T\)uble  windows,   36  X  62  =  2,232 


0,684  B.T.U. 
As  one  side  is  toward  the  north,  and  the  other  toward  the  west,  the 
actual  exposure  is  N.  W.    I.,ooking  in  Table  VI,  we  find  the  correction 
factor  for  this  expo.sure  to  ])e  1.26;  therefore  the  total  heat  loss  is 
0,684  X  1.26  =  12,201 .84 B.T.U. 

Example  3.  A  dwelling-house  of  fair  wooden  construction  measures 
160  ft.  around  the  outside;  it  has  2  stories,  each  8  ft.  in  height;  the  windows 
are  single,  and  the  glass  surface  amounts  to  one-fifth  the  total  exposure;  the 
attic  and  cellar  are  unwarmed.  If  S,000  B.  T.  V.  are  utilized  from  each  pound 
of  coal  Inirnod  in  the  furnace,  how  many  pounds  will  be  reciuired  per  hour  to 
maintain  a  temperature  of  70°  when  it  is  20°  above  zero  outside? 

Total  expo.sure  =     160  X  K)  =  2,560 
Glass  surface     =  2,560  -^    5  =     512 


Net  wall  =2,048 

Temp^atiH'e  difference  =  70  —  20  =  50° 
Wall  2,048  X  13    =  26,624 

Glass  512  X  60    =  30,720 


57,344  B.T.U. 

As  the  building  is  exposed  on  all  sides,  the  factor  for  exposure  will  be 
the  average  of  those  for  N.,  E.,  S.,  and  W.,  or 

(1.32  +  1.12  +  I.O  +  1.20)  --4=116 
The  house  has  a  cold  cellar  and  attic,  so  we  must  increase  the  heat  loss 
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10  per  cent  for  each  of  the  first  two  conditions,  and  20  per  cent  for  the 
hast.     INIaking  these  corrections  we  have: 

57,344  X  1.16  X  1.10  X  1.10  X  1.20  =  96,338  B.T.U. 
If  one  pound  of  coal  furnishes  8,000  B.  T.  U.,  then  96,338  ^  8,000  = 
12  pounds   of  coal  per  hour  required  to  warm  the  building  to  70° 
under  the  conditions  stated. 

Approximate  Method.  For  dwelhng-houses  of  the  average  con- 
struction, the  following  simple  method  for  calculating  the  heat  loss 
may  be  used.  ]Multiply  the  total  exposed  surface. by  45,  which  will 
give  the  heat  loss  in  B,  T.  U.  per  hour  for  an  inside  temperature  of  70° 
in  zero  weather. 

This  factor  is  obtained  in  the  following  manner :  Assume  the  glass 
surface  to  be  one-sixth  the  total  exposure,  which  is  an  average  propor- 
tion. Then  each  square  foot  of  exposed  surface  consists  one-sixth 
of  glass  and  five-sixths  of  wall,  and  the  heat  loss  for  70°  difference  in 
temperature  would  be  as  follows : 

Wall  A  X  19  =  15.8 
6 

Glass  -^  X  85  =  14.1 
^  .     

29.9 
Increasing  this  20  per  cent  for  leakage,  16  per  cent  for  exposure,  and 
10  per  cent  for  cold  ceilings,  we  have :  '        - 

29.9  X  1.20  X  1.16  X  1.10  =  45. 

The  loss  through  floors  is  considered  as  being  offset  by  including 
the  kitchen  walls  of  a  dwelling-house,  which  are  warmed  by  the  range, 
and  Mdiich  would  not  otherwise  be  included  if  computing  the  size  of  a 
furnace  or  boiler  for  heating. 

If  the  heat  loss  is  required  for  outside  temperatures  other  than 
zero,  multiply  by  50  for  10  degrees  below,  and  by  40  for  10  degrees 
above  zero. 

This  method  is  convenient  for  approximations  in  the  case  of 
dwelling-houses;  but  the  more  exact  method  should  be  used  for  other 
types  of  buildings,  and  in  all  cases  for  computing  the  heating  surface 
for  separate  rooms.  When  calculating  the  heat  loss  from  isolated 
rooms,  the  cold  inside  avails  as  well  as  the  outside  must  be  considered. 

The  loss  through  a  wall  next  to  a  cold  attic  or  other  unwarmed  space 
may  in  general  be  taken  as  about  two-thirds  that  of  an  outside  wall. 
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Ileal  Loss  hy  Ventilation.  One  \^.  T.  V.  will  rai.sc  the  tempera- 
ture of  1  cubic  foot  of  air  55  degrees  at  average  temperatures  and 
pressures,  or  will  raise  55  cubic  feet  1  degree,  so  that  the  heat  required 
for  the  ventilation  of  any  room  can  be  found  by  the  following  formula: 

,  Cu.  ft.  of  air  per  hour   X  Numher  of  degrees  rise  ^   jj   -p   tt  •     i 

55 

To  compute  the  heat  loss  for  any  given  room  which  is  to  be 
ventilated,  first  find  the  loss  through  walls  and  windows,  and  correct 
for  exposure  and  leakage;  then  compute  the  amount  required  for 
ventilation  as  above,  and  take  the  sum  of  the  two.  An  inside  tem- 
perature of  70°  is  always  assumed  unless  otherwise  stated. 

Examples.  What  quantity  of  heat  will  be  required  to  warm  100,000 
cubic  feet  of  air  to  70°  for  ventilating  purposes  when  the  out.side  tenipora(ur« 
is  10  below  zero? 

100,000  X  80  -^  55  =  145,454  B.  T.  1  •. 

How  many  B.  T.  U.  will  be  required  i)er  hour  for  the  ventilation  of  a 
church  seating  500  people,  in  zero  weather? 

Referring  to  Table  III,  we  find  that  the  total  air  required  per 

hour  is  1,200  X  500  =  600,000  cu.  ft.;  therefore  600,000  X  70  h-  55 

=  763.636  B.  T.  U. 

„,.      „    ^      Rise  in  Temperature  .  •      ^  i     i  i   r      mo 

The  lactor  * is  approxmiatelv  1.1   tor  60  , 

55 

1.3  for  70°,  and  1.5  for  S0°.     Assuming  a  temperature  of  70°  for  the 

entering  air,  we  may  multi])ly  the  air-volume  supplied  for  ventilation 

by  1.1  for  an  outside  temperature  of  10°  above  0,  by  1.3  for  zero,  and 

by  1.5  for  10°  below  zero — which  covers  the  condrtions  most  commonly 

met  with  in  practice. 

EXAMPLES  FOR  PRACTICE 

1.  A  room  in  a  grammar  school  28  ft.  by  32  ft.  and  12  feet  high  is 
to  accommodate  50  pupils.  The  walls  are  of  brick  16  inches  in  thick- 
ness; and  there  are  6  single  windows  in  the  room,  each  3  ft.  by  6  ft.; 
there  are  warm  rooms  above  and  below;  the  exposure  is  S.  E.  How 
many  B.  T.  U.  will  be  required  per  hour  for  warming  the  room,  and 
how  many  for  ventilation,  in  zero  weather,  assuming  the  building  to 
be  of  average  construction? 

Ans.      24,261  +  for  warming;  152,727  +  for  ventilation. 

2.  A  stone  church  seating  400  people  has  walls  20  inches  in 
thickness.     It  has  a  wall  exposure  of  5,000  square  feet,  a  glass  expos- 
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lire  (single  windows)  of  GOO  sfjnare  feet,  and  a  roof  exposure  of  7,000 
square  feet;  the  roof  is  of  2-inch  pine  plank,  and  the  factor  for  heat 
loss  may  be  taken  the  same  as  for  a  2-inch  wooden  door.  The  floor 
is  of  wood  on  brick  arches,  and  has  an  area  of  4,000  square  feet.  The 
building  is  exposed  on  all  sides,  and  is  of  first-class  construction. 
What  will  be  the  heat  required  per  hour  for  both  warming  and  ventila- 
tion when  the  outside  temperature  is  20°  above  zero? 

Axs.     296,380  for  warming;  436,363  +  for  ventilation. 
3.     A  dwelling-house  of  average  wooden  construction  measures 
200  feet  around  the  outside,  and  has  3  stories,  each   9    feet   high. 
Compute  the  heat  loss  by  the  approximate  method  when  the  tem- 
perature is  10°  below  zero. 

Axs.     270,000  B.  T.  U.  per  hour. 

FURNACE  HEATING 

In  construction,  a  furnace  is  a  large  stove  with  a  combustion 
chamber  of  ample  size  over  the  fire,  the  w^hole  being  inclosed  in  a 
casing  of  sheet  iron  or  brick.  The  bottom  of  tlie  casing  is  provided 
with  a  cold-air  inlet,  and  at  the  top  are  pipes  which  connect  with 
registers  placed  in  the  various  rooms  to  be  heated.  Cold,  fresh  air 
is  brought  from  out  of  doors  through  a  pipe  or  duct  called  the  cold-air 
box;  this  air  enters  tlie  space  between  the  casing  and  the  furnace  near 
the  bottom,  and,  in  passing  over  the  hot  surfaces  of  the  fire-pot  and 
combustion  chamber,  becomes  heated.  It  then  rises  through  the 
warm-air  pipes  at  the  top  of  the  casing,  and  is  discharged  through  the 
registers  into  the  rooms  above. 

As  the  warm  air  is  taken  from  the  top  of  the  furnace,  cold  air 
flows  in  through  the  cold-air  box  to  take  its  place.  The  air  for  heating 
the  rooms  does  not  enter  the  combustion  chamber. 

Fig.  5  shows  the  general  arrangement  of  a  furnace  with  its  con- 
necting pipes.  The  cold-air  inlet  is  seen  at  the  bottom,  and  the  hot-air 
pipes  at  the  top;  these  are  all  provided  with  dampers  for  shutting  off  or 
regulating  the  amount  of  air  flowing  through  them.  The  feed  or  fire 
door  is  shown  at  the  front,  and  the  ash  door  beneath  it;  a  wafer-pan  is 
placed  inside  the  casing,  and  furnishes  moisture  to  the  warm  air  before 
passing  into  the  rooms;  water  is  either  poured  into  the  pan  through  an 
opening  in  the  front,  provided  for  this  purpose,  or  is  supplied  auto- 
matically through  a  pipe. 
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The  fire  is  regulated  by  means' of  a  draft  slide  in  the  ash  door,  and 
a  cold-air  or  regulating  damper  placed  in  the  smoke-pipe.  Clean-out 
doors  are  placed  at  different  points  in  the  casing  for  the  removal  of 
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ashes  and  soot.     Furnaces  are  made  either  of  cast  iron,  or  of  wrought- 
iron  plates  riveted  together  and  provided  with  brick-lined  firepots. 

Types  of  Furnaces.    Furnaces  may  be  divided  into  two  general 
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types  known  as  direct-draft  and  indirect-draft.  Fig.  0  shows  a  com- 
mon form  of  direct-draft  furnace  with  a  brick  setting;  the  better  class 
have  a  radiator,  generally  placed  at  the  top,  through  which  the  gases 
pass  before  i:eaching  the  smoke-pipe.  They  have  but  one  damper, 
usually  coml)ined  with  a  cold-air  check.     Many  of  the  cheaper  direct- 


Fig.  6.    A  Common  Type  of  Direct-Draft  Furnace  in  Brick  Setting. 
Cast-Iron  Radiator  at  Top. 

draft  furnaces  have  no  radiator  at  all,  the  gases  passing  directly  into 
the  smoke-pipe  and  carrying  away  much  heat  that  should  be  utilized. 

The  furnace  shown  in  Fig.  6  is  made  of  cast  iron  and  has  a  large 
radiator  at  the  top;  the  smoke  connection  is  shown  at  the  rear. 

Fig.  7  represents  another  form  of  direct-draft  furnace.  In  this 
case  the  radiator  is  made  of  sheet-steel  plates  riveted  together,  and  the 
outer  casing  is  of  heavy  galvanized  iron  instead  of  l)rick. 

In  the  ordinary  indirect-draft  type  of  furnace  (see  Fig.  S),  the 
gases  pass  downward  through  flues  to  a  radiator  located  near  the  base, 
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thence  upward  through  another  flue  to  the  smoke-pipe.  In  adchtion 
to  the  damper  in  the  smoke-pipe,  a  direct-draft  (himi)er  is  re([uired 
to  give  direct  connection  with  the  funnel  when  coal  is  first  put  on,  to 
facilitate  the  escape  of  gas  to  the  chimney^     When  the  x;himney  draft 


Fiji.  7.    Direct-Draft  Furnace  with  Oalvanizedlron  Casing.    Radiator  (ut  topi 

Made  of  Kiveted  Steel  Plates. 

is  weak,  trouble  from  gas  is  more  likely  to  be  experienced"  with  fur- 
naces  of  this  type  than  with  those  having  a  direct  draft. 

Grates.  No  part  of  a  furnace  is  of  more  importance  than  the 
grates.  The  plain  grate  rotating  about  a  center  pin  was  for  a  long 
time  the  one  most  commonly  used.  These  grates  were  usually  pro- 
vided with  a  clinker  door  for  removing  any  refuse  too  large  to  pass 
between  the  grate  bars.     The  action  of  such  grates  tends  to  leave  a 
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cone  of  ashes  in  the  center  of  the  fire  causing  it  to  burn  more  freely 
around  the  edges.  A  better  form  of  grate  is  the  revolving  triangular 
pattern,  which  is  now  used  in  many  of  the  leading  furnaces.  It  con- 
sists of  a  series  of  triangular  bars  having  teeth.  The  bars  are  con- 
nected by  gears,  and  are  turned  by  means  of  a  detachable  lever.     If 


Fig.  8.    Indirect-Draft  Type  of  Furnace.    Gases  Pass  Downward  to  Radiator  at  Bottom, 

Thence  Upward  to  Smoke-Pipe. 


properly  used,  this  grate  will  cut  a  slice  of  ashes  and  clinkers  from 
under  the  entire  fire  with  little,  if  any  loss  of  unconsumed  coal. 

The  Firepot.  Firepots  aire  generally  made  of  cast  iron  or  of  steel 
plate  lined  with  firel)rick.  The  depth  ranges  from  about  12  to  18 
inches.  In  cast-iron  furnaces  of  the  better  class,  the  firepot  is  made 
very  heavy,  to  insure  durability  and  to  render  it  less  likely  to  beCome 
red-hot.     The  firepot  is  sometimes  made  in  two  pieces,  to  reduce  the 
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liability  to  cracking.  The  heating  surface  is  sometimes  increased  by 
corrugations,  pins,  or  ribs. 

A  firebrick  lining  is  necessary  in  a  wrought-iron  or  steel  furnace 
to  protect  the  thin  shell  from  the  intense  heat  of  the  fire.  Since  brick- 
lined  firepots  are  much  less  effective  than  cast-iron  in  transmitting 
heat,  such  furnaces  depend  to  a  great  extent  for  their  efficiency  on  the 
heating  surface  in  the  dome  and  radiator;  and  this,  as  a  rule,  is  much 
greater  than  in  those  of  cast  iron. 

Cast-iron  furnaces  have  the  advantage  when  coal  is  first  put  on 
(and  the  drop  flues  and  radiator  are  cut  out  by  the  direct  damper)  of 
still  giving  off  heat  from  the  firepot,  while  in  the  case  of  brick  linings 
very  little  heat  is  given  off  in  this  way,  and  the  rooms  are  likely  to 
become  somewhat  cooled  before  the  fresh  coal  becomes  thoroughly 
ignited. 

Combustion  Chamber.  The  body  of  the  furnace  above  the  fire- 
pot,  commonly  called  the  dome  or  feed  section,  provides  a  combustion 
chamber.  This  chamber  should  be  of  sufficient  size  to  permit  the 
gases  to  become  thoroughly  mixed  with  the  air  passing  up  through  the 
fire  or  entering  through  openings  provided  for  the  purpose  in  the  feed 
door.  In  a  well-designed  furnace,  this  space  should  be  somewhat 
larger  than  the  firepot. 

Radiator.  The  radiator,  so  called,  with  which  all  furnaces  of 
the  better  class  are  provided,  acts  as  a  sort  of  reservoir  in  which  the 
gases  are  kept  in  contact  with  the  air  passing  over  the  furnace  until 
they  have  parted  with  a  considerable  portion  of  their  heat.  Radiators 
are  built  of  cast  iron,  of  steel  plate,  or  of  a  combination  of  the  two. 
The  former  is  more  durable  and  can  be  made  with  fewer  joints,  but 
owing  to  the  difficulty  of  casting  radiators  of  large  size,  steel  plate  is 
commonly  used  for  the  sides. 

The  effectiveness  of  a  radiator  depends  on  its  form,  its  heating 
surface,  and  the  difference  between  the  temperature  of  the  gases  and 
the  surrounding  air.  Owing  to  the  accumulation  of  soot,  the  bottom 
surface  becomes  practically  worthless  after  the  furnace  has  been  in 
use  a  short  time;  surfaces,  to  be  effective,  must  therefore  be  self- 
cleaning. 

If  the  radiator  is  placetl  near  the  bottom  of  the  furnace  the  gases 
are  surrounded  by  air  at  the  lowest  temperature,  which  renders  the 
radiator  more  effective  for  a  given  size  than  if  placed  near  the  top  and 
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surrounded  by  warm  air.  On  the  other  hand,  the  cold  air  has  a  ten- 
dency to  condense  the  gases,  and  the  acids  thus  formed  are  hkely  to 
corrode  the  iron. 

Heating  Surface.  The  different  heating  surfaces  may  be  de- 
scribed as  follows:  Firepot  surface;  surfaces  acted  upon  by  direct 
rays  of  heat  from  the  fire,  such  as  the  dome  or  combustion  chamber; 
gas-  or  smoke-heated  surfaces,  such  as  flues  or  radiators;  and  ex- 
tended surfaces,  such  as  pins  or  ribs.  Surfaces  imlike  in  character 
and  location,  vary  greatly  in  heating  power,  so  that,  in  making  com- 
parisons of  different  furnaces,  we  must  Icnow  the  kind,  form,  and 
location  of  the  heating  surfaces,  as  well  as  the  area. 

In  some  furnaces  having  an  unusually  large  amount  of  surface, 
it  will  be  found  on  inspection  that  a  large  part  would  soon  become 
practically  useless  from  the  accumulation  of  soot. .  In  others  a  large 
portion  of  the  surface  is  lined  with  firebrick,  or  is  so  situated  that  the 
air-currents  are  not  likely  to  strike  it. 

The  ratio  of  CTate  to  heatino-  surface  varies  somewhat  according" 
to  the  size  of  furnace.  It  may  be  taken  as  1  to  25  in  the  smaller  sizes, 
and  1  to  15  in  the  larger. 

Efficiency.  One  of  the  first  items  to  be  determined  in  esti- 
mating the  heating  capacity  of  a  furnace,  is  its  efficiency — that  is, 
the  proportion  of  the  heat  in  the  coal  that  may  be  utilized  for  warming. 
The  efficiency  depends  chiefly  on  the  area  of  the  heating  surface  as 
compared  with  the  grate,  on  its  character  and  arrangement,  and  on 
the  rate  of  combustion.  The  usual  proportions  between  grate  and 
heating  surface  have  been  stated.  The  rate  of  combustion  required 
to  maintain  a  temperature  of  70°  in  the  house,  depends,  of  course, 
on  the  outside  temperature.  In  very  cold  weather  a  rate  of  4  to  5 
pounds  of  coal  per  square  foot  of  grate  per  hour  must  be  main- 
tained. 

One  pound  of  good  anthracite  coal  will  give  off  about  13,000 
B.  T.  U.,  and  a  good  furnace  should  utilize  70  per  cent  of  this  heat. 
The  efficiency  of  an  ordinary  furnace  is  often  much  less,  sometimes 
as  low  as  50  per  cent. 

In  estimating  the  required  size  of  a  flrst-class  furnace  with  gooti 
chimney  draft,  we  may  safely  count  upon  a  maximum  combustion 
of  5  pounds  of  coal  per  square  foot  of  grate  per  hour,  and  may  assume 
that  8,000  B.  T.  U.  will  be  utilized  for  warming  purposes  from  each 
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pound  ])unic(l.  This  quantity  corresponds  to  an  efficiency  of  GO 
per  cent. 

Heating  Capacity.  Having  determined  the  heat  loss  from  a 
building  by  tlie  methods  previously  given,  it  is  a  simple  matter  to 
compute  the  size  of  grate  necessary  to  burn  a  sufficient  quantity  of 
coal  to  furnish  the  amount  of  heat  required  for  warming. 

In  computing  the  size  of  furnace,  it  is  customary  to  consider  the 
whole  house  as  a  single  room,  with  four  outside  walls  and  a  cold  attic. 
The  heat  losses  by  conduction  and  leakage  are  computed,  and  in- 
creased 10  per  cent  for  the  cold  attic,  and  16  per  cent  for  exposure. 
The  heat  delivered  to  the  various  rooms  may  be  considered  as  being 
made  up  of  two  parts — jirst,  that  required  to  warm  the  outside  air 
up  to  70°  (the  temperature  of  the  rooms);  and  second,  the  quantity 
which  must  be  added  to  this  to  offset  the  loss  by  conduction  and  leak- 
age. Air  is  usually  delivered  through  the  registers  at  a  temperature 
of  120°,  with  zero  conditions  outside,  in  the  best  class  of  residence 

work;  so  tluit  ——  of  the  heat  given  to  the  entering  air  may  be  con- 

50 
sidered  as  making  up  the  first  part,  mentioned  above,  leaving-^- 

available  for  purely  heating  purposes.     From  this  it  is  evident  that 

50 
the  heat  supj)lied  to  the  entering  air  must  be  equal  to  1    -^    ---  =2.4 

times  that  required  to  offset  the  loss  by  conduction  and  leakage. 

Example.  The  loss  through  the  walls  and  windows  of  a  building  is 
founji  to  be  80,000  B.  T.  U.  per  hour  in  zero  weather.  What  will  be  the  size 
of  fiirnace  required  to  maintain  an  inside  temperature  of  70  degrees? 

From  the  above,  we  have  the  total  heat  required,  equal  to  80,000 

X  2.4  =  192,000  B.  T.  U.  per  hour.     If  we  assume  that  8,000  B.  T. 

U.  f^re  utilized  per  pound  of  coal,  then  192,000  ^  8,000  =  24  pounds 

of  coal  required  per  hour;  and  if  5  pounds  can  be  burned  on  each 

24  P  •     1 

square  foot  of  grate  per  hour,  then -p-  =  4.8   square  feet  required. 

o 

A  grate  30  inches  in  diameter  has  an  area  of  4.9  square  feet,  and  is  the 

size  we  should  use. 

When  the  outside  temperature  is  taken  as  10°  below  zero,  multi- 
ply by  2.6  instead  of  2.4;  and  multiply  by  2.8  for  20°  below. 

Table  VII  will  be  found  useful  in  determining  the  diameter  of 
firepot  required. 


86 


HEATING  AND  VENTILATION 


27 


TABLE  VH 
Firepot  Dimensions 


AVKU.VGE    DiAMKTKR  OF  Gk.\TK, 

IN   IffCHES 

Area  in  Squ.vre 

1''eet 

IS 

1.77 

20 

2.  IS 

22 

2.64 

24 

3.14 

26 

3 .  69 

28 

, 

4.27 

30 

4.fll 

32 

5.58 

EXAMPLES   FOR   PRACTICE 

1.  A  brick  apartment  house  is  20  feet  wide,  and  has  4  stories, 
each  being  10  feet  in  height.  The  house  is  one  of  a  block,  and  is 
exposed  only  at  the  front  and  rear.  The  walls  are  16  inches  thick, 
and  the  block  is  so  sheltered  that  no  correction  need  ()e  made  for 
exposure.  Single  windows  make  up  |  the  total  exposed  surface. 
Fi'nire  for  cold  attic  but  warm  basement.  What  area  of  (Tate  surface 
will  be  re(|uired  for  a  furnace  to  keep  the  house  at  a  temperature  of 
70°  when  it  is  10°  below  zero  outside?  Ans.  3.5  square  feet. 

2.  A  house  having  a  furnace  with  a  firepot  30  inches  in  diameter, 
is  not  sufficiently  warmed,  and  it  is  decided  to  add  a  second  furnace 
to  be  used  in  connection  with  the  one  already  in.  The  heat  loss  from 
the  building  is  found  by  computation  to  be  133,600  B.  T.  U.  per  hour, 
in  zero  weather.  What  diameter  of  firepot  will  ])e  required" for  the 
extra  furnace?  Axs.  24  inches. 

Location  of  Furnace.  A  furnace  should  be  so  placed  that  the 
warm-air  pipes  will  be  of  nearly  the  same  length.  The  air  travels 
most  readily  through  pipes  leading  toward  the  sheltered  side  of  the 
house  and  to  the  upper  rooms.  Therefore  pipes  leading  toward  the 
north  or  west,  or  to  rooms  on  the  first  floor,  should  be  favored  in 
regard  to  length  and  size.  The  furnace  should  be  placed  somewhat 
to  the  north  or  west  of  the  center  of  the  house,  or  toward  the  points 
of  compass  from  which  the  prevailing  winds  blow. 

Smoke=Pipes.  Furnace  smoke-pipes  range,  in  size  from  about 
6  inches  in  the  smaller  sizes  to  S  or  9  inches  in  the  larger  ones.  They 
are  generally  made  of  galvanized  iron  of  No.  24  gauge  or  heavier. 
The  pipe  should  be  carried  to  the  chimney  as  directly  as  possible. 
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avoidiiuj  bends  which  increase  the  resistance  and  diminisli  the  draft. 
Where  a  smoke-pipe  passes  tlirough  a  partition,  it  should  be  pro- 
tected by  a  soapstone  or  double-j)erforated  metal  collar  having  a 
diameter  at  least  S  inches  greater  than*that  of  the  pipe.  The  top  of 
the  smoke-pipe  should  not  be  placed  within  8  inches  of  unprotected 
beams,  nor  less  than  6  inches  under  beams  protected  by  asbestos  or 
plaster  with  a  metal  shield  beneath.  A  collar  to  make  tight  con- 
nection with  the  chimney  should  be  riveted  to  the  pipe  about  5  inches 
from  the  end,  to  prevent  the  pipe  being  pushed  too  far  into  the  flue. 
Where  the  pipe  is  of  unusual  length,  it  is  well  to  cover  it  to  prevent 
loss  of  heat  and  the  condensation  of  smoke. 

Chimney  Flues.  Chimney  flues,  if  built  of  brick,  should  have 
walls  8  inches  in  thickness,  unless  terra-cotta  linings  are  used,  when 
only  4  inches  of  brickwork  is  required.  Except  in  small  houses 
where  an  8  by  8-inch  flue  may  be  used,  the  nominal  size  of  the  smoke 
flue  shoidd  be  at  least  8  by  12-inches,  to  allow  for  contractions  or  off- 
sets. A  clean-out  door  should  be  placed  at  the  bottom  of  the  flue, 
for  removing  ashes  and  soot.  A  scjuare  flue  cannot  be  reckoned  at 
its  full  area,  as  the  corners  are  of  little  value.  To  avoid  down  drafts, 
the  top  of  the  chimney  must  be  carried  above  the  highest  point  of  the 
roof  unless  provided  with  a  suitable  hood  or  top. 

Cold=Air  Box.  The  cold-air  box  should  be  large  enough  to 
supj)ly  a  volume  of  air  sufficient  to  fill  all  the  hot-air  pipes  at  the  same 
time.  If  the  supply  is  too  small,  the  distribution  is  sure  to  be  unecjual, 
and  the  cellar  will  become  overheated  from  lack  of  air  to  carry  away 
the  heat  generated. 

If  a  box  is  made  too  small,  or  is  throttled  down  so  that  the  volume 
of  air  entering  the  furnace  is  not  large  enough  to  fill  all  the  pipes, 
it  will  be  found  that  those  leading  to  the  less  exposed  side  of  the 
house  or  to  the  upper  rooms  will  take  the  entire  supply,  and  that 
additional  air  to  supply  the  deficiency  will  be  drawn  down  through 
registers  in  rooms  less  favorably  situated.  It  is  common  practice 
to  make  the  area  of  the  cold-air  box  three-fourths  the  combined 
area  of  the  hot-air  pipes.  The  inlet  should  be  placed  where  the 
prevailing  cokl  winds  will  blow  into  it;  this  is  commonly  on  the  north 
or  west  side  of  the  house.  If  it  is  placed  on.  the  side  away  from  the 
wind,  warm  air  from  the  furnace  is  likely  to  be  drawn  out  through 
the  cold-air  box. 
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Whatever  may  be  the  location  of  the  entrance  to  the  cold-air 
box,  changes  in  the  direction  of  the  wind  may  take  place  which  will 
bring  the  inlet  on  the  wrong  side  of  the  house.  To  prevent  the 
possibility  of  such  changes  affecting  the  action  of  the  furnace,  tJie 
cold-air  box  is  sometimes  extended  through  the  liouse  and  left  open 
at  lioth  ends,  with  check-<lampers  arranged  to  prevent  back-drafts. 
These  checks  should  be  placed  some  distance  from  the  entrance,  to 
prevent  their  becoming  clogged  with  snow  or  sleet. 

The  cold-air  box  is  generally  made  of  matched  boards;  but 
galvanized  iron  is  much  lietter;  it  costs  more  than  wood,  but  is  well 
worth  the  extra  expense  on  account  of  tightness,  which  keeps  the  dust 
and  ashes  from  being  drawn  into  the  furnace  casinj?  to  be  dischar<red 
through  the  registers  into  the  rooms  above. 

The  cold-air  inlet  should  be  covered  with  galvanized  wire  netting 
with  a  mesh  of  at  least  three-eighths  of  an  inch.  The  frame  to  which 
it  is  attached  should  not 
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be  smaller  than  the  in- 
side dimensions  of  the 
cold-air  box.  A  door  to 
admit  air  from  the  cellar 
to  the  cold-air  box  is 
generally  provided.  As 
a  rule,  air  should  be 
taken  from  this  source, 
only  when  the  house  is 
temporarily  unoccupied 
or  during  high  winds. 

Return  Duct.  In 
some  cases  it  is  desirable 
to  return  air  to  the  fur- 
nace from  the  rooms 
above,  to  be  reheated.  Ducts  for  this  purpose  are  connnon  in  places 
where  the  winter  temperature  is  frequently  below  zero.  Return 
ducts  when  used,  should  be  in  addition  to  the  regular  cold-air  box. 
Fig.  9  shows  a  common  method  of  making  the  connection  between 
the  two.  By  proper  adjustment  of  the  swinging  damper,  the  air  can 
be  taken  either  from  out  of  doors  or  through  the  register  from  the 
room  above.     The  return  register  is  often  placed  in  the  hallway  of 


Fig  9. 


Common  Method  of  Connect  ing  Return  Duct  to 
Cold-Air  Box. 
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a  house,  so  that  it  will  take  the  cold  air  which  rushes  in  when  the 
door  is  opened  and  also  that  which  may  leak  in  around  it  while 
closed.  Check-valves  or  flaps  of  light  gossamer  or  woolen  cloth 
should  be  placed  between  the  cold-air  box  and  the  registers  to  pre- 
vent back-drafts  during  winds. 

The  return  duct  should  not  be  used  too  freely  at  the  expense  of 
outdoor  air,  and  its  use  is  not  recommended  except  during  the  night 
when  air  is  admitted  to  the  sleeping  rooms  through  open  windows. 

Warm=Air  Pipes.     The  recjuired  size  of  the  waj:m-air  pipe  to 

any  given  room,  depends  on  the  heat  loss  from  the. room  and  on  the 

volume  of  warm  air  required  to  offset  this  loss.     Each  cubic  foot  of 

air  warmed  from  zero  to  120  degrees  brings  into  a  room  2.2  B.  T.  U. 

We  have  already  seen  that  in  zero  weather,  with  the  air  entering  the 

50 
registers  at  120  degrees,  only    '—--  of  the  heat  contained  in  the  air  is 

available  for  offsetting  the  losses  by  radiation  and  conduction,  so  that 

50 
onlv  2.2  X    '      =   .9  B.  T.  U.  in  each  cubic  foot  of  entering  air  can 
120 

be  utilized  for  warming  purposes.  Therefore,  if  we  divide  the  com- 
puted heat  loss  in  B.  T.  U.  from  a  room,  by  .9,  it  will  give  the  number 
of  cubic  feet  of  air  at  120  degrees  necessary  to  warm  the  room  in  zero 
weath(T. 

As  the  outside  temperature  becomes  colder,  the  cjuantity  of  heat 
brought  in  per  cubic  foot  of  air  increases;  but  the  proportion  avail- 
able for  warming  purposes  becomes  less  at  nearly  the  same  rate,  so 

TABLE  Vm 
Warm=Air  Pipe  Dimensions 


Diameter  of  Pipk. 

Area 

Area 

IN  Inch K8 

IN  Square  Incwks 

IN  Square  Feet 

0 

28 

.19G 

"7 

38 

.207 

S 

.-)() 

.349 

9 

(54 

.442 

10 

79 

.515 

11 

95 

.(KiO 

12 

113 

.785 

13 

133 

.  022 

14 

154 

1.07 

15 

177 

1  23 

IG 

201 

1  .40 
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that  for  all  practical  purposes  we  may  use  the  figure  .9  for  all  usual 
conditions.  In  calculating  the  size  of  pipe  required,  we  naay  assume 
maximum  velocities  of  260  and  380  feet  per  minute  for  rooms  on  the 
first  and  second  floors  respectively.  Knowing  the  number  of  cubic 
feet  of  air  per  minute  to  be  delivered,  we  can  divide  it  by  the  velocity, 
which  will  give  us  the  required  area  of  the  pipe  in  square  feet. 

Round  pipes  of  tin  or  galvanized  iron  are  used  for  this  purpose. 
Table  VIII  will  be  found  useful  in  determining  the  required  diameters 
of  pipe  in  inches. 

Example.  The  heat  .loss  from  a  room  on  the  second  floor  is  18,000  B. 
T.  U.  per  hour.     What  diameter  of  warm-air  pipe  will  be  required? 

18,000  -^  .9  =  20,000  =  cubic  feet  of  air  required  per  hour. 
20,000  -T-  60  =  333  per  minute.  Assuming  a  velocity  of  380  feet 
per  minute,  we  have  333  -^  380  =  .87  square  foot,  which  is  the 
area  of  pipe  required.  Referring  to  Table  VIII,  we  find  this  comes 
between  a  12-inch  and  a  13-inch  pipe,  and  the  larger  size  would 
probably  be  chosen. 

EXAMPLES   FOR    PRACTICE 

1.  A  first-floor  room  has  a  computed  loss  of  27,000  B.  T.  U. 
per  hour  when  it  is  10°  below  zero.  The  air  for  warming  is  to  enter 
through  two  pipes  of  equal  size,  and  at  a  temperature  of  120  degrees. 
What  will  be  the  required  diameter  of  the  pipes? 

Ans.     14  inches. 

2.  If  in  the  above  example  the  room  had  been  on  the  second 
floor,  and  the  air  was  to  be  delivered  through  a  single  pipe,  what 
diameter  would  be  required? 

Ans.     16  inches. 

Since  long  horizontal  runs  of  pipe  increase  the  resistance  and 
loss  of  heat,  they  should  not  in  general  be  over  12  or  14  feet  in  length. 
This  applies  especially  to  pipes  leading  to  rooms  on  the  first  floor, 
or  to  those  on  the  cold  side  of  the  house.  Pipes  of  excessive  length 
should  be  increased  in  size  because  of  the  added  resistance. 

Figs.  10  and  11  show  common  methods  of  running  the  pipes  in 
the  basement.  The  first  gives  the  best  results,  and  should  be  used 
where  the  basement  is  of  sufficient  height  to  allow  it.  A  damper 
should  be  placed  in  each  pipe  near  the  furnace,  for  regulating  the  flow 
of  air  to  the  different  rooms,  or  for  shutting  it  oft*  entirely  when  desired. 
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While  round  pipe  risers  give  the  best  results,  it  is  not  always 
possible  to  provide  a  sufficient  space  for  them,  and  flat  or  oval  pipes 
are  substituted.  When  vertical  pipes  must  be  placed  in  single  par- 
titions, nnu'li  better  results  will  be  obtained  if  the  studding  can  be 


Fig.  10. 
Common  Methods  of  Running  Hot- Air  Pipes  in  Basement, 

is  Preferable  where  Feasible. 


Fig.  11. 
Method  Shown  in  Fig.  10 


made  5  or  6  inches  deep  instead  of  4  as  is  usually  done.  Flues  should 
never  in  any  case  be  made  less  than  3J  inches  in  depth.  Each  room 
should  be  heated  by  a  separate  pipe.  In  some  cases,  however,  it  is 
allowable  to  run  a  single  riser  to  heat  two  unimportant  rooms  on  an 
upper  floor.  A  clear  space  of  at  least  ^  inch  should  be  left  between 
the  risers  and  studs,  and  the  latter  should  be  carefully  tinned,  and  the 

TABLE  IX 
Dimensions  of  Oval  Pipes 


Dimension  of  Pipb 

Are.\  in  Square  Inches 

6  ovaled  to  5 

in. 

27 

7 

it 

4 

31 

7 

it 

3^ 

<( 

29 

7 

({ 

6 

38 

S 

tt 

F> 

43 

9 

tt 

4 

45 

9 

t( 

n 

57 

9 

tt 

r-, 

51 

10 

tt 

•Si 

46 

11 

a 

4 

58 

12 

tt 

3i 

55 

10 

a 

0 

67 

11 

tt 

5 

67 

14 

it 

4 

76 

15 

tt 

3^ 

73 

12 

it 

6 

85 

12 

tt 

r-, 

75 

19 

ti 

4 

96 

20 

tt 

H 

100 
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EXTERIOR  VIEW  AND  COMBINED  LIBRARY  AND  LIVING  ROOM  IN  HOUSE 

AT  URBANA,  ILL. 

White  &  Temple.  Architects,  University  of  Illinois. 

Plan.s  Shown  on  Opposite  Page. 
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space  between  them  on  both  sides  covered  with  tin,  asbestos,  or  wire 
hith. 

Table  IX  gives  the  capacity  of  oval  pipes.  A  (3-inch  pipe  ovaled 
to  5  means  that  a  G-inch  pipe  has  been  flattened  out  to  a  thickness  of 
5  inches,  and  column  2  gives  the  resulting  area. 

Having  determined  the  size  of  round  pipe  required,  an  equiva- 
lent oval  pipe  can  be  selected  from  the  table  to  suit  the  space  avjiilable. 

Registers.  The  registers  which  control  the  supply  of  warm 
air  to  the  rooms,  generally  have  a  net  area  equal  to  two-thirds  of  their 
gross  area.  The  net  area  should  be  from  10  to  20  per  cent  greater 
than  the  area  of  the  pipe  connected  with  it.  It  is  common  practice 
to  use  registers  having  the  short  dimensions  ecjual  to,  and  the  long 
dimensions  about  one-half  greater  than,  the  diameter  of  the  pipe. 
This  would  give  standard  sizes  for  different  diameters  of  pipe,  as 
listed  in  Table  X. 

TABLE  X 
Sizes  of  Registers  for  Different  Sizes  of  Pipes 


Diameter  of  Pipe 

Size 

3F  Register 

6 

in. 

G 

X 

10 

in. 

7 

7 

X 

10 

8 

8 

X 

12 

9 

9 

X 

14 

10 

10 

X 

1.5 

11 

11 

X 

16 

12 

12 

X 

17 

13 

14 

X 

20 

U 

.  14 

X 

22 

15 

L5 

X 

22 

16 

IG 

X 

24 

Combination  Systems.  A  combination  system  for  heating  by 
hot  air  and  hot  water  consists  of  an  ordinary  furnace  with  some  form 
of  surface  for  heating  water,  placed  either  in  contact  with  the  fire  or 
suspended  above  it.  Fig.  12  shows  a  common  arrangement  where 
part  of  the  heating  surface  forms  a  portion  of  the  lining  to  the  firepot 
and  the  remainder  is  above  the  fire. 

Care  must  be  taken  to  proportion  properly  the  work  to  be  done 
l)y  the  air  tintl  the  water;  else  one  will  operate  at  the  expense  of  the 
other.  One  square  foot  of  heating  surface  in  contact  with  the  fire  is 
capal)le  of  supplying  from  40  to  50  square  feet  of  radiating  surface, 
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and  one  square  foot  suspended  over  the  fire  will  supply  from  15  to  25 
square  feet  of  radiation. 

The  value  or  efficiency  of  the  heating  surface  varies  so  widely  in 
different  makes  that  it  is  best  to  state  the  retpiired  conditions  to  the 


'  —  ■.V\^^l,^~'  ■I'' 


Fig.  12.    Combination  Furnace,  for  Heating  by  Both  Hot  Air  and  Hot  .Water. 

manufacturers  and  have  them  proportion  the  surfaces  as  their  experi- 
ence has  found  best  for  their  particular  type  of  furnace. 

Care  and  Management  of  Furnaces.  The  followinp;  general 
rules  apply  to  the  management  of  all  hard  coal  furnaces. 

The  fire  should  be  thoroughly  shaken  once  or  twice  daily  in  cold 
weather.     It  is  well  to  keep  the  firepot  heaping  full  at  all  times.     In 
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this  way  a  more  even  temperature  may  be  maintained,  less  attention  is 
required,  and  no  more  coal  is  burned  than  when  the  pot  is  only  partly 
filled.  In  mild  weather  the  mistake  is  frequently  made  of  carrying  a 
thin  fire,  which  requires  frequent  attention  and  is  likely  to  die  out. 
Instead,  to  diminish  the  temperature  in  the  house,  keep  the  firepot 
full  and  allow  ashes  to  accumulate  on  the  grate  (not  under  it)  by  shak- 
ing less  frequently  or  less  vigorously.  The  ashes  will  hold  the  heat 
and  render  it  an  easy  matter  to  maintain  and  control  the  fire,  ^^^len 
feeding  coal  on  a  low  fire,  open  the  drafts  and  neither  rake  nor  shake 
the  fire  till  the  fresh  coal  becomes  ignited.  The  air  supply  to  the  fire 
is  of  the  greatest  importance.  An  insufficient  amount  results  in  incom- 
plete combustion  and  a  great  loss  of  heat.  To  secure  proper  combus- 
tion, the  fire  should  be  controlled  principally  by  means  of  the  ash-pit 
through  the  ash-pit  door  or  slide. 

The  smoke-pipe  damper  should  be  opened  only  enough  to  carry 
off  the  gas  or  smoke  and  to  give  the  necessary  draft.  The  openings 
in  the  feed  door  act  as  a  check  on  the  fire,  and  should  be  kept  closed 
during  cold  weather,  except  just  after  firing,  when  with  a  good  draft 
they  may  be  partly  opened  to  increase  the  air-supply  and  promote  the 
proper  combustion  of  the  gases. 

Keep  the  ash-pit.  clear  to  avoid  warping  or  melting  the  grate. 
The  cold  air  box  should  be  kept  wide  open  except  during  winds  or 
when  the  fire  is  low.  At  such  times  it  may  be  partly,  but  never  com- 
pletely closed.  Too  much  stress  cannot  be  laid  on  the  importance 
of  a  sufficient  air-supply  to  the  furnace.  It  costs  little  if  any  more 
to  maintam  a  comfortable  temperature  in  the  house  night  and  day 
than  to  allow  the  rooms  to  become  so  cold  during  the  night  that  the 
fire  must  be  forced  in  the  morning  to  warm  them  up  to  a  comfortable 
temperature. 

In  case  the  warm  air  fails  at  times  to  reach  certain  rooms,  it 
may  be  forced  into  them  by  temporarily  closing  the  registers  in  other 
rooms.  The  current  once  established  will  generally  continue  after 
the  other  registers  have  been  opened. 

It  is  best  to  burn  as  hard  coal  as  the  draft  will  warrant.  Egg 
size  is  better  than  larger  coal,  since  for  a  given  weight  small  lumps 
expose  more  surface  and  ignite  more  quickly  than  larger  ones.  The 
furnace  and  smoke-pipe  should  be  thoroughly  cleaned  once  a  year. 
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•This  .should  he  tloiir  just  after  tlic  fire  lias  hccn  allowed  to  go  out  in 
the  spring. 

STEAM    BOILERS 

Types.  The  boilers  used  for  heating  are  the  same  as  have  already 
been  described  for  power  work.  In  addition  there  is  the  cast-iron 
sectional  boiler,  used  almo.st  exclusively  for  dwelling-hou.ses. 

Tubular  Boilers.  Tubular  boilers  are  largely  used  for  heating 
purposes,  and  are  adapted  to  all  classes  of  buildings  except  dwelling- 
houses  and  the  special  cases  mentioned  later,  for  which  sectional 
boilers  are  preferable.  A  boiler  horse-power  has  been  defined  as  the 
evaporation  of  34\  pounds  of  water  from  and  at  a  temperature  of  212 
degrees,  and  in  doing  this  33,317  B.  T.  U.  are  absorbed,  which  are 
again  given  out  when  the  steam  is  conflensed  in  tlie  radiatoxs.  Hence 
to  find  the  boiler  H.  P.  require<l  for  warming  any  given  building,  we 
have  only  to  compute  the  heat  loss  per  hour  by  the  methods  already 
given,  and  divide  the  result  by  33,330.  It  is  more  common  to  divide 
by  the  number  33,()()(),  which  gives  a  slightly  larger  boiler  and  is  on 
the  side  of  safety. 

The  commercial  horse-power  of  a  well-designed  boiler  is  based 
upon  its  heating  siu'face;  and  for  the  best  economy  in  heating  work, 
it  should  be  so  proportioned  as  to  have  about  1"  square  foot  heating  of 
surface  for  each  2  pounds  of  water  to  be  evaporated  from  and  at  212 
degrees  F.  This  gives  34.5  -f-  2  =  17.2  scjuare  feet  of  heating  surface 
per  horse-power,  which  is  generally  taken  as  15  in  practice.  Makers  of 
tubular  boilers  commonly  rate  them  on  a  basis  of  12  s(|uare  feet  of  heat- 
ing surface  per  horse-power.  This  is  a  safe  figure  under  the  conditions 
of  power  work,  where  skilled  firemen  are  employed  and  where  more 
care  is  taken  to  keep  the  heating  surfaces  free  from  soot  and  ashes. 
For  heating  plants,  however,  it  is  better  to  rate  the  boilers  upon  15 
square  feet  per  horse-power  as  stated  above. 

There  is  some  dift'erence  of  opinion  as  to  the  proper  method  of 
computing  the  heating  surface  of  tubular  boilers.  In  general,  all 
surface  is  taken  which  is  exposed  to  the  hot  gases  on  one  side  and  to 
the  w'ater  on  the  other.  A  safe  rule,  and  the  one  by  which  Table 
Xn  is  computed,  is  to  take  \  the  area  of  the  shell,  §  of  the  rear  head, 
less  the  tube  area,  and  the  interior  surface  of  all  the  tubes. 

The  required  amount  of  grate  area,  and  the  proper  ratio  of  heat- 
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ing  surface  to  grate  area,  vary  a  good  deal,  depending  on  the  character 
of  the  fuel  and  on  the  chimney  draft.  By  assuming  the  probable 
rates  of  combustion  and  evaporation,  we  may  compute  the  required 
kjrate  area  for  any  boiler  from  the  formula : 

,.  _    H.P.  X  34.5 
E  XC 
n  which 

S  =  Total  grate  area,  in  square  feet; 

E  =  Pounds  of  water  evaporated  per  pound  of  coal ; 

C  =  Pounds  of  coal  burned  per  square  foot  of  grate  per  hour. 

Table  XI  gives  the  approximate  grate  area  per  H.  P.  for  different 
rates  of  evaporation  .and  combustion  as  computed  by  the  above 
equation. 

TABLE  XI 
Grate   Area  per   Horse=Po\ver  for  Different  Rates  of  Evaporation  and 

Combustion 


PouMis  OF  Coal  Bt:rned  per  Squ.\re  Foot  of  Gr.\te  per  Hour 


Pounds  of  Ste.\.m  per 
Porxn  OF  Co.\L 

8  lbs. 

lO  lbs. 

1               12  lbs. 

Square  Feet  of  Grate  Surface  per 

Horse- Power 

10. 

.43 

.35 

.28 

9 

.48 

.38 

.32 

8 

.54 

.43 

.36 

7 

.62 

.49 

.41 

6 

.72                               .58 

.48 

For  example,  with  an  evaporation  of  S  pounds  of  steam  per  pound  of 
coal,  and  a  combustion  of  10  pounds  of  coal  per  square  foot  of  grate,  .43  of  a 
square  foot  of  grate  surface  per  H.  P.  would  be  called  for. 

The  ratio  of  heating  to  grate  surface  in  this  type  of  boiler  ranges 
from  30  to  40,  and  therefore  allows  under  ordinary  conditions  a  com- 
bustion of  from  <S  to  10  pounds  of  coal  per  square  foot  of  grate.  This 
is  easilv  obtained  with  a  good  chimnev  draft  and  careful  ftrins-  The 
larger  the  boiler,  the  more  important  the  plant  usually,  and  the  greater 
the  care  bestowed  upon  it,  so  that  we  may  generally  count  on  a  higher 
rate  of  combustion  and  a  greater  efficiency  as  the  size  of  the  l)oiler 
increases.  Table  XII  will  be  found  veiT  useful  in  determinino- 
the  size  of  boiler  required  under  different  conditions.  The  grate 
area  is  computed  for  an  evaporation  of  8  pounds  of  water  per  pound 
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TABLE  XII 


Size  of 

Diameter 

Number 

Diameter 

Length 

Hor.se- 

Size   of 

Size  of 

S.vioke- 

OF  Shell 

OF  Tubes 

OF  Tubes 

OF  Tubes 

Power 

Grate  in 

Uptake 

pipe  IN 

IN   Inches 

IN    Inches 

IN   Feet 

Inches 

IN  Inches 

Sq.  In 

30 

28 

-'H 

6 

8.5 

24x36 

10x14 

140 

7 

9.9 

24  X  36 

10x14 

140 

8 

11.2 

24  X  36 

10  X  14 

140 

9 

12.6 

24  X  42 

10x14 

140 

10 

14.0 

24  X  42 

10x14 

140 

36 

34 

21^ 

8 

13.6 

30  X  36 

10x16 

160 

9 

15.3 

30  X  42 

10x18 

180 

10 

16.9 

30  X  42 

10  X  18 

180 

11 

18.6 

30  X  48 

10x20 

200 

12 

20.9 

30x48 

10x20 

200 

42 

34 

3- 

9 

18.5 

36  X  42 

10x20 

200 

10 

20.5 

36  X  42 

10  X  20 

200 

11 

22.5 

36  X  48 

10x25 

250 

12 

24.5 

36x48 

10x25 

250 

13 

26.5 

36  X  48 

10x28 

280 

14 

28.5 

36  X  54 

10x28 

280 

48 

44 

3 

10 

30.4 

42x48 

10x28 

280 

11 

33.2 

42  X  48 

10x28 

280 

12 

35.7 

42  X  54 

10  x  32 

320 

13 

38.3 

42  X  54 

10x32 

320 

14 

40.8 

42  X  60 

10x36 

360 

15 

43.4 

42  X  60 

10  X  36 

360 

16 

45.9 

42  X  60 

10x36 

360 

54 

54 

3 

11 

34.6 

48  X  54 

10  X  38 

380 

12 

37.7 

48  X  54 

10x38 

380 

13 

40.8 

48  X  54 

10x38 

380 

14 

43.9 

48  X  54 

10  X  38 

380 

15 

47.0 

48  X  60 

10x40 

400 

16 

50.1 

48  x60 

10x40 

400 

46 

31^ 

17 

53.0 

48x60 

10x40 

400 

60 

72 

3 

12 

48.4 

54  x60 

12x40 

460 

13 

52.4 

54  x  60 

12x40 

460 

14 

56.4 

54x60 

12x40 

460 

15 

60 . 4 

54  X  66 

12  X  42 

500 

16 

64.4 

64  X  66 

12x42 

500 

04 

31.^ 

17 

71.4 

54x72 

12x48 

650 

18 

75.6 

54x72 

12x48 

550 

66 

.      90 

3 

14 

70.1 

60  X  66 

12x48 

500 

15 

75.0 

60  X  72 

12x52 

620 

16 

80.0 

60  X  72 

12x52 

620 

78 

3}4 

17 

86 . 0 

60x78 

12x56 

670 

18 

91.1 

60x78 

12  X  56 

670 

19 

96.2 

60x78 

12x56 

670 

62 

4 

20 

93.1 

60x78 

12x56 

670 

72 

114 

8    . 

14 

87.4 

66x72 

12x56 

670 

15 

93.6 

66  X  72 

12x56 

670 

16 

9!).  7 

66  X  78 

12  x62 

740 

98 

31^ 

17 

106.4 

6(5  X  78 

12  X  62 

740 

18 

112.6 

66x84 

12  X  66 

790 

19 

lis. 8 

66  X  84 

12  X  66 

790 

72 

4 

20 

107.3 

66x84 

12  X  66 

790 
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of  coal,  which  corresponds  to  an  efficiency  of  about  60  per  cent,  and 
is  about  the  average  obtained  in  practice  for  heating  boilers. 

The  areas  of  uptake  and  smoke-pipe  are  figured  on  a  basis  of 
1  square  foot  to  7  square  feet  of  grate  surface,  and  the  results  given 
in  round  numbers.  In  the  smaller  sizes  the  relative  size  of  smoke- 
pipe  is  greater.  The  rate  of  combustion  runs  from  6  pounds  in  the 
smaller  sizes  to  11 2^  in  the  larger.  Boilers  of  the  proportions  given 
in  the  table,  correspond  well  with  those  used  in  actual  practice,  and 
may  be  relied  upon  to  give  good  results  under  all  ordinary  conditions. 

Water-tube  boilers  are  often  used  for  heating  purposes,  but  more 
especially  in  connection  with  power  plants.  The  method  of  com- 
puting the  required  H.  P.  is  the  same  as  for  tubular  boilers. 

Sectional  Boilers.  Fig.  13  shows  a  common  form  of  cast-iron 
boiler.  It  is  made  up  of  slabs  or  sections,  each  one  of  which  is  con- 
nected by  nipples  with,  headers  at  the  sides  and  top.  The  top  header 
acts  as  a  steam  drum,  and  the  lower  ones  act  as  mud  drums ;  they  also 
receive  the  water  of  condensation  from  the  radiators.  The  gases 
from  the  fire  pass  backward  and  forward  through  flues  and  are  finally 
taken  ofl^  at  the  rear  of  the  boiler. 

Another  common  form  of  sectional  boiler  is  shown  in  Fig.  14. 
It  is  made  up  of  sections  which  increase  the  length  like  the  one  just 
described.  These  boilers  have  no  drum  connecting  with  the  sections; 
but  instead,  each  section  connects  with  the  adjacent  one  through 
openings  at  the  top  and  bottom,  as  shown. 

The  ratio  of  heating  to  grate  surface  in  boilers  of  this  type  ranges 
from  15  to  25  in  the  best  makes.  They  are  provided  with  the  usual 
attachments,  such  as  pressure-gauge,  water-glass,  gauge-cocks,  and 
safety-valve;  a  low-pressure  damper  regulator  is  furnished  for  operat- 
ing the  draft  doors,  thus  keeping  the  steam  pressure  practically  con- 
stant. A  pressure  of  from  1  to  5  pounds  is  usually  carried  on  these 
boilers,  depending  upon  the  outside  temperature.  The  usual  setting 
is  simply  a  covering  of  some  kind  of  non-conducting  material  like 
plastic  magnesia  or  asbestos,  although  some  forms  are  enclosed  in 
light  brickwork. 

In  computing  the  required  size,  we  may  proceed  in  the  same 
manner  as  in  the  case  of  a  furnace.  For  the  best  types  of  house- 
heating  boilers,  we  may  assume  a  combustion  of  5  pounds  of  coal  per 
square  foot  of  grate  per  hour,  and  an  average  efficiency  of  60  per  cent, 
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which  corresponds  to  (S,()00  B.  T.  U.  per  pouml  of  coal*  avaihible  for 
useful  work. 

In  the  case  of  direct-steam  heating,  we  have  only  to  supply  heat 
to  offset  that  lost  by  rachation  and  con(Uiction;  so  that  the  grate  area 
may  be  found  by  dividing  the  computed  heat  loss  per  hour  by  8,000, 
which  gives  the  number  of  pounds  of  coal;  and  this  in  turn,  divided 
by  5,  will  give  the  area  of  grate  required.     The  most  efficient  rate  of 


Fig.  13.    C'ommou  Type  of  Cast-iron  Sectional  Boiler.    Note  Header.s  at  Sides  and  Top 

Acting  as  Oriuns. 


combustion  will  depend  somewhat  upon  the  ratio  between  the  grate 
and  heating  surface.  It  has  been  found  by  experience  that  about  \ 
of  a  pound  of  coal  per  hour  for  each  .square  foot  of  heating  surface 
gives  the  best  results;  so  that,  by  knowing  the  ratio  of  heating  surface 
to  grate  area  for  any  make  of  heater,  we  can  easily  compute  the  most 
efficient  rate  of  combustion,  and  from  it  determine  the  necessary  grate 
area. 
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For  example,  suppose  the  heat  loss  from  a  building  to  be  480,()()() 
B.  T.  U.  per  hour,  and  that  we  wish  to  use  a  heater  in  which  the  ratio 
of  heating  surface  to  grate  area  is  24.  What  will  be  the  most  efficient 
rate  of  combustion  and  the  required 
grate  area?  480,000  -  8,000  =  60 
})ounds  of  coal  per  hour,  and  24  -r-  4 
=  G,  which  is  the  best  rate  of  com- 
bustion to  employ;  therefore  60  h-  6 
=  10,  the  grate  area  required. 

There  are  many  different  designs 
of  cast-iron  boilers  for  low-pressure 
steam  and  hot-water  heating.  In  gen- 
eral, boilers  having  a  drum  connected 

nipples    with     each    section 


l)V 


give 


Fig.  14.     Another  Type  of  SeotidiKil 
Boiler.  Here  there  arenodriniis, 
the   sections   being   directlj- 
conneeted  through  open- 
ings at  top  and  bottom. 
Courtesij  of  Ainerican  Eadiator   Co. 


dryer  steam  and  hold  a  steadier  water- 
line  than  the  second  form,  especially 
when  forced  above  their  normal  ca- 
pacity. The  steam,  in  passing  through 
the  openings  between  successive  sec- 
tions  in   order   to   reach   the    outlet, 

is  apt  to  carry  with  it  more  or  less  water,  and  to  choke  the  openings, 
thus  producing  an  uneven  pressure  in  different  parts  of  the  boiler. 

In  the  case  of  hot-water  boilers  this  objection  disappears. 

In  order  to  adapt  this  t}^e  of  boiler  to  steam  work,  the  opening 
Ijctween  the  sections  should  be  of  good  size,  with  an  ample  steam 
space  above  the  water-line;  and  the  nozzles  for  the  discharge  of  steam 
should  be  located  at  frequent  intervals. 


EXAMPLES    FOR    PRACTICE 

L  The  heat  loss  from  a  building  is  240,000  B.  T.  U.  per  hour, 
and  the  ratio  of  heating  to  grate  area  in  the  heater  to  be  used  is  20. 
\Yhat  will  be  the  required  grate  area?  Axs.  6  sq.  ft. 

2.  The  heat  loss  from  a  building  is  168,000  B.  T.  U.  per  hour,  and 
the  chimney  draft  is  such  that  not  over  3  pounds  of  coal  per  hour  can 
be  burned  per  square  foot  of  grate.  What  ratio  of  heating  to  grate 
area  will  be  necessary,  and  what  will  be  the  required  grate  area? 

Ans.  Ratio,  12.     Grate  area,  7  sc|.  ft. 
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Cast-iron  sectional  boilers  are  used  for  dwelling-houses,  small 
schoolhouses,  churches,  etc.,  where  low  pressures  are  carried.  They 
are  increased  in  size  by  adding  more  slabs  or  sections.  After  a  certain 
length  is  reached,  the  rear  sections  become  less  and  less  efficient,  thus 
limiting  the  size  and  power. 

Horse=Power  for  Ventilation.  We  already  know  that  one 
B.  T.  U.  will  raise  the  temperature  of  1  cubic  foot  of  air  55  degrees, 
or  it  will  raise  100  cubic  feet  jJ-q  of  55  degrees,  or  yVo  of  1  degree; 
therefore,  to  raise  100  cubic  feet  1  degree,  it  will  take  1  -^  -iVV»  or  VV 
B.  T.  U.;  and  to  raise  100  cubic  feet  through  100  degrees,  it  will  take 
.i_o_p.  y  iQo  B.  T.  U.  In  other  words,  the  B.  T.  U.  required  to  raise 
any  given  volume  of  air  through  any  number  of  degrees  in  tempera- 
ture, is  equal  to 

Volume  of  air  in  cubic  ft.   X  Dejjrees  raised 
55 

Example.  How  many  B.  T.  U.  are  rec|uired  to  raise  100,000 
cubic  feet  of  air  70  degrees? 

lOQ^QOQ  X  ^'^  =  127,272  + 
55 

To  compute  the  H.  P.  required  for  the  ventilation  of  a  building, 

we  multiply  the  total  air-supply,  in  cubic  feet  per  hour,  by  the  number 

of  degrees  through  which  it  is  to  be  raised,  and  divide  the  result  by  55. 

This  gives  the  B.  T.  U.  per  hour,  which,  divided  by  33,000,  will  give 

the  H.  P.  required.    In  using  this  rule,  always  take  the  air-supply  in 

cubic  feet  per  hour. 

EXAMPLES  FOR  PRACTICE 

1.  The  heat  loss  from  a  building  is  1,650,000  B.  T.  U.  per  hour. 
There  is  to  be  an  air-supply  of  1,500,000  cubic  feet- per  hour,  raised 
through  70  degrees.     What  is  the  total  boiler  H.  P.  required? 

Axs.  lOS. 

2.  A  high  school  has  10  classrooms,  each  occupied  by  50  pupils. 
Air  is  to  be  delivered  to  the  rooms  at  a  temperature  of  70  d(\grees. 
What  will  be  the  total  II.  P.  required  to  heat  and  ventilate  the  building 
when  it  is  10  degrees  below  zero,  if  the  heat  loss  through  walls  and 
windows  is  1,320,000  B.  T.  U.  per  hour?  Axs.  10G  +  . 

DIRECT=STEA]Vl  HEATING 

A  system  of  direct-steam  heating  consists  (1)  of  a  furnace  and 
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boiler  for  the  combustion  of  fuel  and  the  generation  of  steam;  (2)  a 
system  of  pipes  for  conveying  the  steam  to  the  radiators  and  for 
.returning  the  water  of  condensation  to  the  boiler;  and  (3)  radiators 
or  coils  placed  in  the  rooms  for  diffusing  the  heat. 

Various  types  of  boilers  are  used,  depending  upon  the  size  and 
kind  of  buildinjj  to  be  warmed.  Some  form  of  cast-iron  sectional 
boiler  is  commonly  used  for  dwelling-houses,  while  the  tubular  or 
water-tube  boiler  is  more  usually  employed  in  larger  buildings. 
Where  the  boiler  is  used  for  heating  purposes  only,  a  low  steam-pres- 
sure of  from  2  to  10  pounds  is  carried,  and  the  condensation  flows 
back  by.gravity  to  the  boiler,  which  is  placed  below  the  lowest  radiator. 
When,  for  any  reason,  a  higher 
pressure  is  required,  the  steam  for 
the  heating  system  is  made  to 
pass  through  a  reducing  valve, 
and  the  condensation  is  returned 
to  the  boiler  by  means  of  a  pump 
or  return  trap. 

Types  of  Radiating  Surface. 
The  radiation  used  indirect-steam 
heating  is  made  up  of  cast-iron 
radiators  of  various  forms,  pipe 
radiators,  and  circulation  coils. 

Cast=Iron  Radiators.  The 
general  form  of  a  cast-iron  sec- 
tional radiator  is  shown  in  Fi"-. 

O 

15.     Radiators  of   this  type  are 
made  up  of  sections,  the  number 

depending  upon  the  amount  of  heating  surface  required.  Fig.  16 
shows  an  intermediate  section  of  a  radiator  of  this  type. 
It  is  simply  a  loop  with  inlet  and  outlet  at  the  bottom.  The 
end  sections  are  the  same,  except  that  they  have  legs,  as  shown  in 
Fig.  17.  These  sections  are  connected  at  the  bottom  by  special 
nipples,  so  that  steam  entering  at  the  end  fills  the  bottom  of  the 
radiator,  and,  being  lighter  than  the  air,  rises  through  the  loops  and 
forces  the  air  downward  and  toward  the  farther  end,  where  it  is  dis-. 
charged  through  an  air-valve  placed  about  midway  of  the  last  section. 
There  are  many  different  designs  varying  in  height  and  width,  to 


Fig.   15. 


Common  Type  of  Cast-iron 
Sectional  Radiatoi-. 
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suit  all  condition.s.     The  wall  })attern  shown  in  Fig.  IS  is  very  con- 
venient when  it  is  desired  to  place  the  radiator  above  the  floor,  as  in 

bathrooms,  etc.;  it  is  also  a  con- 
venient form  to  place  imder  the 
^\•indows  of  halls  and  churches 
to  counteract  the  effect  of  cold 
down  drafts.  It  is  adapted  to 
nearly  every  place  where  the  or- 
dinary direct  radiator  can  be 
used,  and  may  be  connected  up 
in  different  ways  to  meet  the  va- 
rious requirements. 

A  low  and  moderately  shallow 
radiator,  with  ample  space  for  the 
circulation  of  air  ))etween  the 
sections,  is  more  efficient  than  a 
deep  radiator  with  the  sections 
closely  packed  together.  One- 
and  two-column  radiators,  so 
called,  are  preferable  to  three- 
and  four-column,  when  there  is  sufficient  space  to  use  them. 


^ 


Fig.  10. 


j-'ig.  r> 


Intermediate  and  Kiid  Scftions  of  Radiator 
Shown  in  Fig.  ]h.     The  end  .sections 
(at  right)  have  legs. 


Fig.  18.    Cast-Iron  Sectional  Radiator  of  Wall  Pattern. 

The  standard  height  of  a  radiator  is  3G  or  38  inches,  and,  if 
possible,  it  is  better  not  to  exceed  this. 
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For  small  radiators,  it  is  better  practice  to  use  lower  sections  and 
increase  the  length;  this  makes  the  radiator  slightly  more  efficient 
and  gives  a  much  better  appearance. 

To  get  the  best  results  from  wall  radiators,  they  should  be  set 
out  at  least  Ih  inches  from  the  wall  to  allow  a  free  circulation  of  air 
back  of  them.  Patterns  having  cross-bars  should  be  placed,  if 
possible,  with  the  bars  in  a  vertical  position,  as  their  efficiency  is 
impaired  somewhat  when  placed  horizontally. 

Pipe  Radiators.  This  type  of  radiator  (see  Fig.  19)  is  made  up  of 
wrought-iron  pipes 
screwed  into  a  cast- 
iron  base.  The 
pipes  are  eitliercon- 
nected  in  pairs  at 
the  top  by  return 
bends,  or  each  sep- 
arate tube  has  a 
thin  metal  dia- 
phragm passing  up 
the  center  nearly  to 
the  top.  It  is  nec- 
essary that  a  loop 
be  formed,  else  a 
"dead  end"  would 
occur.  This  would 
become  filled  with 
air  and  prevent 
steam  from  enter- 
ing, thus  causing  portions  of  the  radiator  to  remain  cold. 

Circulation  Coils.  These  are  usually  made  up  of  1  or  1^-inch 
wrought-iron  pipe,  and  may  be  hung  on  the  walls  of  a  room  by  means 
of  hook  plates,  or  suspended  overhead  on  hangers  and  rolls. 

Fig.  20  shows  a  common  form  for  schoolhouse  and  similar  work; 
this  coil  is  usually  made  of  1^-inch  pipe  screwed  into  headers  or 
branch  fees  at  the  ends,  and  is  hung  on  the  wall  just  below  the  windows. 
This  is  known  as  a  branch  coil.  Fig.  21  shows  a  trombone  coil,  which 
is  commonly  used  when  the  pipes  cannot  turn  a  corner,  and  where 
the  entire  coil  must  be  placed  upon  one  side  of  the  room.     Fig.  22 


Fig.  19.    Wroiight-Irou  Pipe  Radiator. 
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is  called  a  viitcr  coll,  arid  is  used  imder  the  same  conditions  as  a  trom- 
bone coil  if  there  is  room  for  the  vertical  portion.  This  form  is  not 
so  pleasing  in  appearance  as  either  of  the  other  two,  and  is  found  only 
in  factories  or  shops,  where  looks  are  of  minor  importance. 


Fig.  20.    Common  Form  of  '•Br;iufh"  Coil  for  Circulation  of  Direct  Steam. 

Overhead  coils  are  usually  of  the  miter  form,  laid  on  the  side  and 
suspended  about  a  foot  from  the  ceiling;  they  are  .less  efficient  than 
when  placed  nearer  the  floor,  as  the  warm  air  stays  at  the  ceiling  and 
the  lower  part  of  the  room  is  likely  to  remain  cold.     They  ar(^  us(>d 


Fig.  21.     "Trombonu' '  Coil.     Used  where  Entire  Coil  must  be  Placed  on  One  Side  r.f  Room 

only  when  wall  coils  or  radiators  would  be  in  the  way  of  fixtures,  or 
when  they  would  come  below  the  water-line  of  the  boiler  if  placed 
near  the  floor. 

When  steam  is  first  turned  on  a  coil,  it  usually  passes  through  a 


Fig.  23.    "Miter"  Coil.    Adapted,  like  the  "Trombone."  Only  to  a  Single  Wall. 
Frequently  Used  in  Factories  and  Shops. 

portion  of  the  jjipes  first  and  heats  them  while  the  others  remain  cold 
and  full  of  air.  Therefore  the  coil  must  always  be  made  up  in  such 
a  way  that  each  pipe  shall  have  a  certain  amount  of  spring  and  may 
expand  independently  without  bringing  undue  strains  upon  the  others. 
Circulation  coils  should  incline  about  1  inch  in  20  feet  toward  the 
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return  end  in  order  to  secure  proper  drainage  and  quietness  of  opera- 
tion. 

Efficiency  of  Radiators.  The  efficiency  of  a  radiator — that  is, 
the  B.  T.  U.  which  it  gives  off  per  square  foot  of  surface  per  hour — 
depends  upon  the  difference  in  temperature  between  the  steam  in  the 
radiator  and  the  surrounding  air,  the  velocity  of  the  air  over  the 
radiator,  and  the  quahty  of  the  surface,  whether  smooth  or  rough. 
In  ordinary  low-pressure  heating,  the  first  condition  is  practically 
constant;  but  the  second  varies  somewhat  with  the  pattern  of  the 
radiator.  An  open  design  which  allows  the  air  to  circulate  freely 
over  the  radiating  surfaces,  is  more  efficient  than  a  closed  pattern, 
and  for  this  reason  a  pipe  coil  is  more  efficient  than  a  radiator. 

In  a  large  number  of  tests  of  cast-iron  and  pipe  radiators,  working 
under  usual  conditions,  the  heat  given  off  per  square  foot  of  surface 
per  hour  for  each  degree  difference  in  temperature  between  the  steam 
and  surrounding  air  was  found  to  average  about  1 .7  B.  T.  U.  The 
temperature  of  steam  at  3  pounds'  pressure  is  220  degrees,  and  220 — 70 
=  150,  which  may  be  taken  as  the  average  difference  between  the 
•temperature  of  the  steam  and  the  air  of  the  room,  in  ordinary  low- 
pressure  work.  Taking  the  above  results,  we  have  150  X  1 .7  =  255 
B.  T.  U.  as  the  efficiency  of  an  average  cast-iron  or  pipe  radiator. 
This,  for  convenient  use,  may  be  taken  as  250.  A  circulation  coil 
made  up  of  pipes  from  1  to  2  inches  in  diameter,  will  easily  give  off 
300  B.  T.  U.  under  the" same  conditions;  and  a  cast-iron  wall  radiator 
with  ample  space  back  of  it  should  have  an  efficiency  equal  to  that 
of  a  wall  coil.  While  overhead  coils  have  a  higher  efficiency  than 
cast-iron  radiators,  their  position  near  the  ceiling  reduces  their  effec- 
tiveness, so  that  in  practice  the  efficiency  should  not  be  taken  over 
250  B.  T.  U.  per  hour  at  the  most.     Tabulating  the  above  we  have: 

TABLE   XIII 
Efficiency  of  Radiators,  Coils,  etc. 


Type  of  Radiating  Surface 

Radiation  per  Square  Foot  op  Surface 
PER  Hour 

Cast-iron  Sectional  and  Pipe  Radiators 
Wall  Radiators 
Ceiling:  Coils 
Wall  Coils 

250               B.  T.  U. 

300 

200  to  250 

300 
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If  tlio  radiator  is  for  warmiiif:;  a  room  wliit-h  is  to  l)c  kej)t  at  a 
temperature  above  or  below  70  decrees,  or  if  the  steam  j)ressiire  is 
fjjreater  tlian  3  pounds,  the  radiating  surface  may  be  changed  in  the 
same  proportion  as  tlie  difference  in  temperature  between  the  steam 
and  the  air. 

For  example,  if  a  room  is  to  be  kept  at  a  temperature  of  (10°,  the 
efficiency  of  the  radiator  becomes  \ll  X  250  =  268;  that  is,  the 
efficiency  varies  directly  as  the  difference  in  temperature  between  the 
steam  and  the  air  of  the  room.  It  is  not  customary  to  consider  this 
unless  the  steam  pressure  should  be  raised  to  10  or  15  pounds  or  the 
temperature  of  the  rooms  changed  15  or  20  degrees  from  the  normal. 

From  the  above  it  is  easy  to  compute  the  size  of  radiator  for  any 
given  room.  First  compute  the  heat  loss  per  hour  by  conduction  and 
leakage  in  the  coldest  weather;  then  divide  the  result  by  the  effi- 
ciency of  the  type  of  radiator  to  be  used.  It  is  customary  to  make  the 
radiators  of  such  size  that  they  will  warm  the  rooms  to  70  degrees  in 
the  coldest  weather.  As  the  low-temperature  limit  varies  a  good  deal 
in  different  localities,  even  in  the  same  State,  the  lowest  temperature 
for  which  we  wish  to  provide  must  be  settled  upon  before  any  calcu- 
lations are  made.  I«  New  England  and  through  the  INIiddle  and 
Western  States,  it  is  usual  to  figure  on  warming  a  building  to  70 
degrees  when  the  outside  temperature  is  from  zero  to  10  degrees 
below. 

The  different  makers  of  radiators  publish  in  their  catalogues, 
tables  giving  the  square  feet  of  heating  surface  for  diflferent  styles  and 
heights,  and  these  can  be  used  in  determining  the  number  of  sections 
required  for  all  special  cases. 

If  pipe  coils  are  to  be  used,  it  becomes  necessary  to  reduce  square 
feet  of  heating  surface  to  linear  feet  of  pipe;  this  can  be  done  by  means 
of  the  factors  siven  below. 


r> 


Sfiuaro  feet  of  lieating  surface  X  ■< 


3  =  linear  ft.  of  1  -in.  pipe 

2.3  =        "  "       li-in.  "  • 

2  =        "  "      U-in.  " 

1   f)  =        "  "2  -in.  " 


The  size  of  radiator  is  made  only  sufficient  to  keep  the  room 
warm  after  it  is  once  heated ;  and  no  allowance  is  made  for  warming 
vp;  that  is,  the  heat  given  off  by  the  radiator  is  just  equal  to  that  lost 
through  walls  and  windows.     This  condition  is  offset  in  two  ways — 
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first,  when  the  room  is  cold,  the  difference  in  temperature  between 
the  steam  and  the  air  of  the  room  is  greater,  and  the  radiator  is  more 
efficient;  and  second,  the  radiator  is  proportioned  for  the  coldest 
weather,  so  that  for  a  greater  part  of  the  time  it  is  larger  than  neces- 
sary. 

EXAMPLES    FOR    PRACTICE 

1 .  The  heat  loss  from  a  room  is  25,000  B.  T.  U.  per  hour  in 
the  coldest  weather,     ^^^lat  size  of  direct  radiator  will  be  required? 

Axs.  100  square  feet. 

2.  A  schoolroom  is  to  be  warmed  with  circulation  coils  of  Ij- 
inch  pipe.  The  heat  loss  is  30,000  B.  T.  U.  per  hour.  What  length 
of  pipe  will  be  required?  Axs.  230  linear  feet. 

Location  of  Radiators.  Radiators  should,  if  possible,  be  placed 
in  the  coldest  part  of  the  room,  as  under  windows  or  near  outside 
doors.  In  living  rooms  it  is  often  desirable  to  keep  the  windows  free, 
in  which  case  the  radiators  may  be  placed  at  one  side.  Circulation 
coils  are  run  along  the  outside  walls  of  a  room  under  the  windows. 
Sometimes  the  position  of  the  radiators  is  decided  by  the  necessary 
location  of  the  pipe  risers,  so  that  a  certain  amount  of  judgment  must 
be  used  in  each  special  case  as  to  the  best  arrangement  to  suit  all 
requirements. 

Systems  of  Piping.  There  are  three  distinct  systems  of  piping, 
known  as  the  hvo-pipe  system,  the  one-pipe  relief  system,  and  the  one- 
pipe  circuit  system,  with  various  modifications  of  each  and  combina- 
tions of  the  different  systems. 

Fig.  23  shows  the  arrangement  of  piping  and  radiators  in  the 
two-pipe  system.  The  steam  main  leads  from  the  top  of  the  boiler, 
and  the  branches  are  carried  along  near  the  basement  ceiling.  Risers 
are  taken  from  the  supply  branches,  and  carried  up  to  the  radiators 
on  the  different  floors;  and  return  pipes  are  brought  down  to  the 
return  mains,  which  should  be  placed  near  the  basement  floor  below 
the  water-line  of  the  boiler.  Where  the  building  is  more  than  two 
stories  high,  radiators  in  similar  positions  on  different  floors  are  con- 
nected ^nth  the  same  riser,  which  may  run  to  the  highest  floor;  and  a 
corresponding  return  drop  connecting  with  each  radiator  is  carried 
down  beside  the  riser  to  the  basement.  A  svstem  in  which  the  main 
horizontal  returns  are  below  the  water-line  of  the  boiler  is  said  to 
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have  a  wet  or  sealed  return.  If  the  returns  are  overhead  and  ahove  the 
water-Hne,  it  is  called  a  dry  return,  ^^'here  the  steam  is  exposed  to 
extended  surfaces  of  water,  as  in  overhead  returns,  A\here  the  con- 
densation partially  fills  the  pipes,  there  is  likely  to  be  cracking  or 
water-hammer,  due  to  the  sudden  condensation  of  the  steam  as  it 
comes  in  contact  with  the  cooler  water.  This  is  especially  noticeable 
when  steam  is  first  turned  into  cold  pipes  and  radiatc^rs,  and  the  con- 
densation is  excessive.  When  dry  returns  are  used,  the  ])ij)(>s  sh(nild 
be  large  and  have  a  good  pitch  toward  the  boiler. 

In  the  case  of  sealed  returns,  the  onlv  contact  between  the  steam 


WMMimmmmmmimm^mim. 

Fig.  33.    Arrangement  of  Piping  and  Radiators  in  "Two-Pipe"  System. 


and  standing  water  is  in  the  vertical  returns,  where  the  exposed  sur- 
faces are  very  small  (being  ecjual  to  the  sectional  area  of  the  j)ipes), 
and  trouble  from  water-hammer  is  practically  done  away  with.  Dry 
returns  should  be  given  an  incline  of  at  least  1  inch  in  10  feet,  while 
for  wet  returns  1  inch  in  20  or  even  40  feet  is  ample.  The  ends  of  all 
steam  mains  and  branches  should  be  dripped  into  the  returns.  If  the 
return  is  sealed,  the  drip  maybe  directly  connected  as  shown  in  Fig. 
24;  but  if  it  is  dry,  the  connection  should  be  provided  with  a  siphon 
loop  as  indicated  in  Fig.  25.  The  loop  becomes  filled  with  water, 
and  prevents  steam  from  flowing  directly  into  the  return.     As  the 


60 


HEATING  AND  VENTILATION 


51 


condensation  collects  in  the  loop,  it  overflows  into  the  return  pipe  and 
is  carried  away.  The  return  pipes  in  this  case  are  of  course  filled  with 
steam  above  the  watej;  liut  it  is  steam  which  has  passed  through 
the  radiators  and  their  return  connections,  and  is  therefore  at  a 
slightly  lower    pressure; 


St^a-r>"v  Ma.ir< 


Q 


Wate-r 


Ret-u-T-n 


Li-ne 


ej 


FiK.  24. 


Drip  from  Steam  Main  Connected  Directly 
to  Sealed  Return. 


so  that,  if  steam  were  ad- 
mitted directly  from  the 
main,  it  would  tend  to 
hold  back  the  water  in 
more  distant  returns  and 
cause  surging  and  crack- 
ing in  the  pipes.  Some- 
times the  boiler  is  at  a 
lower  level  than  the  basement  in  which  the  returns  are  run,  and  it  then 
becomes  necessary  to  establish  a  false  water-line.  This  is  done  by 
making  connections  as  shown  in  Fi(j.  26. 

It  is  readily  seen  that  the  return  water,  in  order  to  reach  the 
boiler,  must  flow  through  the  trap,  which  raises  the  water-line  or 
seal  to  the  level  shown  by  the  dotted  line.  The  balance  pipe  is  to 
equalize  the  pressure  above  and  below  the  water  in  the  trap,  and 
prevent  siphonic  action,  which  would  tend  to  drain  the  water  out  of 
the  return  rc^iins  after  a  flow  was  once  started. 

The  balance  pipe,  when  possible,  should  be  15  or  20  feet  in 
length,  with   a   throttle-valve  placed  near  its  connection  with  the 

main.     This    valve 

Ret^xT•n 
P3 


Sleavn 


SipVior* 


should  be  opened  just 
enough  to  allow  the 
steam-pressure,  to  act 
upon  the  air  which  oc- 
cupies the  space  above 
the  water  in  the  trap; 
but  it  should  not  be 
opened  sufficiently  to 
allow  the  steam  to 
enter  in  large  volume  and  drive  the  air  out.  The  success  of  this 
arrangement  depends  upon  keeping  a  layer  or  cushion  of  cool  air 
next  to  the  surface  of  the  water  in  the  trap,  and  this  is  easily  done 
by  following  the  method  here  described. 


V 


Fig.  25.    Use  of  Siphon  in  Connecting  Drip  from  Steam 
Main  to  a  "Drv"  Return. 
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One=Pipe  Relief  System.  In  this  system  of  piping,  the  radiators 
have  but  a  single  connection,  the  steam  flowing  in  and  the  condensa- 
tion draining  out  through  the  same  pipe.  Fig.  27  shows  the  method 
of  running  the  pipes  for  this  system.  The  steam  main,  as  before, 
leads  from  the  top  of  the  boiler,  and  is  carried  to  as  high  a  point  as  the 
basement  ceiling  will  allow;  it  then  slopes  downward  with  a  grade 
of  about  1  inch  in  10  feet,  and  makes  a  circuit  of  the  building  or  a 
portion  of  it. 

Risers  are  taken  from  the  top  and  carried  to  the  radiators  above, 
as  in  the  two-pipe  system;  but  in  this  case,  the  condensation  flows 
back  through  the  same  pipe,  and  drains  into  the  return  main  mar  the 

floor  t  h  r  o  u  g  h 
drip  connections 
which  are  made 
at  frequent  ■  in- 
t  e  r  V  a  1  s.  In  a 
two-story  build- 
ing, the  bottom 
of  each  riser  to 
the  second  floor 
is  dripped;    and 


in  larger  build- 
ings, it  is  cus- 
tomary to  drip 
each  riser  that 
has  more  than 
one  radiator  con- 
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Fig.  30.     Connections  Made  to  Establish  '^False"'  Water- Line 
when  Boiler  is  below  Basement  Level. 


nected  with  it.  If  the  radiators  are  large  and  at  a  considerable  di.s- 
tance  from  the  next  riser,  it  is  better  to  make  a  drip  connection  for 
each  radiator.  When  the  return  main  is  overhead,  the  risers  should 
be  dripped  through  siphon  loops;  but  the  ends  of  the  branches 
should  make  direct  connection  with  the  returns.  This  is  the  reverse 
of  the  two-pipe  system.  In  this  case  the  lowest  pressure  is  at  the 
ends  of  the  mains,  so  that  steam  introduced  into  the  returns  at  these 
points  will  cause  no  trouble  in  the  pipes  connecting  between  these  and 
the  boiler. 

If  no  steam  is  allowed  to  enter  the  returns,  a  vacuum  will  be 
formed,  and  there  will  be  no  pressure  to  force  the  water  back  to  the 
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boiler.     A  check-valve  should  always  be  placed  in  the  main  return 


Fig.  27.    Arrangement  of  Piping  and  Radiators  in  "One-Pipe  Relief"  System. 

near  the  boiler,  to  prevent  the  water  from  flowing  out  in  case  of  a 
vacuum  being  formed  suddenly  in  the  pipes. 


There  is  but  little  difference  in  the  cost  of  the  two  systems,  as 
larger  pipes  and  valves  are  required  for  the  single-pipe  method. 
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With  radiators  of  medium  size  and  properly  proportioned  connections, 
the  single-pipe  system  in  preferable,  there  being  but  one  valve  to 
operate  and  only  one-half  the  number  of  risers  passing  through  the 

lower  rooms. 

One=Pipe  Circuit  System.  In  this  case,  illustrated  in  Fig.  28,  the 
steam  main  rises  to  the  highest  point  of  the  basement,  as  before;  and 
then,  with  a  considerable  pitch,  makes  an  entire  circuit  of  the  build- 
ing, and  again  connects  with  the  boiler  below  the  water-line.     Single 

risers  are  taken 
from  the  top;  and 
the  condensa- 
tion drains  back 
through  the 
same  pipes,  and 
is  carried  along 
with  the  flow  of 
steam  to  the  ex- 
treme end  of  the 
main,  where  it  is 
returned  to.  the 
boiler.  T  h  e 
main  is  made 
large,  and  of 
the    same    size 

throughout  its  entire  length.    It  must  be  given  a  good  pitch  to  insure 
satisfactory  results. 

One  objection  to  a  single-pipe  system  is  that  the  steam  and  return 
water  are  flowing  in  opposite  directions,  and  the  risers  must  be  made 
of  extra  large  size  to  prevent  any  interference.  This  is  overcome  in 
large  buildings  by  carrying  a  single  riser  to  the  attic,  large  enough 
to  supply  the  entire  building;  then  branching  and  running  "drops" 
to  the  basement.  In  this  system  the  flow  of  steam  is  downward,  as 
well  as  that  of  water.  This  method  of  piping  may  be  used  with  good 
results  in  two-pipe  systems  as  well.  .  Care  must  always  be  taken  that 
no  pockets  or  low  points  occur  in  any  of  the  lines  of  pipe;  but  if  for 
any  reason  they  cannot  be  avoided,  they  should  be  carefully  drained. 
A  modification  of  this  system,  adapting  it  to  large  buildings,  is 
shown  in  diagram  in  Fig.  29.     The  riser  shown  in  this  case  is  one  of 


Sealed  Rei\^rr\  C^., 


Fig.  29. 


•'One-Pipe  Circuit"  System.    Adapted  to  a  Large 
Building. 
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several,  the  niwnber  depending  upon  the  size  of  the  building;  and 
may  be  supplied  at  either  bottom  or  top  as  most  desirable.  If  steam 
is  supplied  at  the  bottom  of  the  riser,  as  shown  in  tlie  cut,  all  of  the 
drip  connections  with  the  return  drop,  except  the  upper  one,  should 


Fig.  30.     'Two-Pipe"  Connection  of  Radia- 
tor to  Riser  and  Rfturn. 


FiS.  31. 


"One-Piije"  Couneetion  of  Radia- 
tor to  Ba.sement  Main. 


be  sealed  with  cither  a  siphon  loop  or  a  check-valve,  to  prevent  the 
steam  from  short-circuiting  and  holding  back  the  condensation  in  the 
returns  above.  If  an  overhead  supply  is  used,  the  arrangement 
.should  be  the  reverse;  that  is,  all  return  connections  should  be  sealed 
except  the  lowest. 

Sometimes  a  separate  drip  is  carried  down  from  each  set  of 
radiators,  as  shown  on  the  lower  story,  being  connected  with  the 
main  return  below  the  water-line  of  the 
boiler.     In  case  this  is  done,  it  is  well  to 
provide  a  check-valve  in  each  drip  below 
the  water-line. 

In  buildings  of  any  considerable  size, 
it  is  well  to  divide  the  piping  system  into 
sections  by  means  of  valves  placed  in  the 
corresponding  supply  and  return  branches. 
These  are  for  use  in  case  of  a  break  in 
any  part  of  the  system,  so  that  it  will  be 
necessary  to  shut  off  only  a  small  part  of 
the  heating  system  during  repairs.  In  tall  buildings,  it  is  customary 
to  place  valves  at  the  top  and  bottom  of  each  riser,  for  the  same 
purpose. 

Radiator  Connections.     Figs.  30,  31,  and  32  show  the  common 


Fig.  33.    "One-Pipe"  Connection 
of  Radiator  to  Riser. 
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methods  of  making  connections  between  supply  pipes  and  radiators. 
Fig.  30  shows  a  two-pipe  connection  with  a  riser;  the  return  is  carried 
down  to  the  main  below.  Fig.  31  shows  a  single-pipe  connecti^)n 
with  a  basement  main;  and  Fig.  32,  a  single  connection  with  a  riser. 

Care  must  always  be  taken  to  make  the  horizontal  part  of  the 
piping,  between  the  radiator  and  riser  as  short  as  possible,  and  to  give 
it  a  good  pitch  toward  the  riser.  There  are  various  ways  of  making 
these  connections,  especially  suited  to  different  conditions;  but  the 
examples  given  serve  to  show  the  general  principle  to  be  followed. 

Figs.  20,  21,  and  22  show  the  common  methods  of  making  steam 
and  return  connections  with  circulation  coils.  The  position  of  the 
air-valve  is  shown  in  each  case. 

Expansion  of  Pipes.     Cold  steam  pipes  expand  approximately 


Q 


~Ca 


B 


Fig.  33.     Elevation  and  Plan  of  Swivel- Joint  to  Counteract  Effects  of  Expansion  and 

Contraction  in  Pipes. 

1  inch  in  each  100  feet  in  length  when  low-pressure  steam  is  turned 
into  them;  so  that,  in  laying  out  a  system  of  piping,  we  must  arrange 
it  in  such  a  manner  that  there  will  be  sufficient  "spring"  or  "give"  to 
the  pipes  to  prevent  injurious  strains.  This  is  done  by  means  of  off- 
sets and  bends.  In  the  case  of  larger  pipes  this  simple  method  will 
not  be  sufficient,  and  swivel  or  slip  joints  must  be  used  to  take  up  the 
expansion. 

The  method  of  making  up  a  swivel-joint  is  shown  in  Fig.  33. 
Any  lengthening  of  the  pipe  A  will  be  taken  up  by  slight  turning  or 
swivel  movements  at  the  points  B  and  C.     A  slip-joint  is  shown  in 
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Fii^.  34.  The  part  c  slides  inside  the  shell  d,  and  is  made  steam- 
tight  bv  a  stuffing-box,  as  shown.  The  pipes  are  connected  at  the 
flanges  .1  and  B.  ^^^^  __  __ 

When  pipes  |  ^  ^.^T^^^MTf^ 

pass    through  " 

floors  or  parti- 
tions, the  wood- 
work should  be 
protected  by  gal- 
V  a  n  i  z  e  d-i  r  o  n 
sleeves  having  a 

diameter  from  |  to  1  inch  greater  than  the  pipe.     Fig.  35  shows  a 

form  of  adjustable  floor-sleeve 
which  mav  be   lensithened  or 

V  O 

shortened  to  conform  to  the 
thickness  of  floor  or  partition. 
If  plain  sleeves  are  used,  a 
plate  should  be  placed  around 


"Slip-Joint"  Connection  to  Take  Cai-e  of  Expansion 
and  Contraction  of  Pipes. 


_  Fig.  36.    Floor-Plate  Adjusted  to  Plain 

Fig.  35.    Adjustable  Metal  Sleeve  for  Carrying  Sleeve  for  Carrying  Pipe  through 

Pipe  through  Floor  or  Partition.  Floor  or  Partition. 

the  pipe  where  it  passes  through  the  floor  or  partition.     These  are 


Fig.  37.    Angle  Valve. 


Fig.  38.    Offset  Valve. 
Valves  for  Radiator  Connections. 


Fig.  39.    Comer  Valve. 


made  in  two  parts  so  that  they  may  be  put  in  place  after  the  pipe  is 
hung.     A  plate  of  this  kind  is  shown  in  Fig.  36. 
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Valves.  The  ditlcrent  styles  commonly  used  for  radiator  con- 
nections are  shown  in  Figs.  37, 3<S,  and  39,  and  are  known  as  a7igle, 
offset,  and  corner  valves,  respectively.  The  first  is  used  when  the 
radiator  is  at  the  top  of  a  riser  or  when  the  connections  are  like  those 
shown  in  Figs.  30,  31,  and  32;  the  second  is  used  when  the  connection 


Pig.  10.    ludicating  Effect  of  Using  (llobe  Valve  oil  Horizontal  Steam  Supply 

Pipe  or  Dry  Return. 

between  the  riser  and  radiator  is  above  the  floor;  and  the  third,  when 
the  radiator  has  to  be  set  close  in  the  corner  of  a  room  and  there  is  not 
space  for  the  usual  connection. 

A  globe  valve  should  never  be  used  in  a  horizontal  steam  supply 

or  dry  return.  The  reason  for  this  is  plainly 
shown  in  Fig.  40.  In  order  for  water  to  flow 
through  the  valve,  it  must  rise  to  a  height 
shown  by  the  dotted  line,  which  would  half 
fill  the  pipes,  and  cause  serious  trouble  from 
water-hammer.  The  gate  valve  shown  in 
Fig.  41  does  not  have  this  undesirable  fea- 
ture, as  the  opening  is  on  a  level  with  the 
bottom  of  the  ])ipe. 


r\ 


Fig.  41.    Gate  Valve. 


Fig.  42.    Simplest  Form  of  Air- Valve.    Operated  by  Uaiul. 


Air=Valvcs.  Valves  of  various  kinds  are  used  for  freeing  the 
radiators  from  air  when  steam  is  turned  on.  Fig.  42  shows  the 
simplest  form,  which  is  operated  by  hand.  Fig.  43  is  a  type  of  auto- 
matic valve,  consisting  of  a  shell,  which  is  attached  to  the  radiator. 
5  is  a  small  opening  which  may  be  closed  by  the  spindle  C,  which 
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is  provided  with  a  conical  end.  .D  is  a  strip  composed  of  a  layer  of 
iron  cr  steel  and  one  of  brass  soldered  or  brazed  together.  The 
action  of  the  valve  is  as  follows: 
when  the  radiator  is  cold  and  filled 
with  air  the  valve  stands  a3  shown 
in  the  cut.  When  steam  is  turned 
on,  the  air  is  driven  out  through 
the  opening  B.  As  soon  as  this 
is  expelled  and  steam  strikes  the 
strip  D,  the  two  prongs  spring 
apart  owing  to  the  unequal  ex- 
pansion of  the  two  metals  due  to 
the  heat  of  the  steam.  This 
raises  the  spindle  C,  and  closes 
the  opening  so  that  no  steam  can 
escape.  If  air  should  collect  in 
the  valve,  and  .the  metal  strip 
become  cool,  it  would  contract, 
and  the  spindle  would  drop  and 
allow  the  air  to  escape  through  B 

as  before.  Eis  an  adjusting  nut.  F  is  a  float  attached  to  the  spindle, 
and  is  supposed,  in  case  of  a  sudden  rush 
of*  water  with  the  air,  to  rise  and  close  the 
opening;  this  action,  however,  is  some- 
what uncertain,  especially  if  the  pressure 
of  water  continues  for  some  time. 

There  are  other  types  of  valves  acting 
on  the  same  principle.     The  valve  shown 


Uww^oeAydW^/:^/^- 


Fig.  43.      Radiator  Automatic  Air-Valve. 

Operated  hy  Metal  Strip  D.  Consisting 

of  Two  Pieces  of  Metal  of  Unequal 

Expansive  Power. 


Fig.  41.    Automatic  Air- Valve.    Closed  by  Expansion 
of  a  Piece  of  Vulcanite. 


Fig.  45.     Automatic  Air- Valve. 
Operated   by   Expansion  of 
Drum  CDue  to  Vaporiza- 
tion of  Alcohol  with 
which  it  is  Partly 
Filled. 


in  Fig.  44  is  closed  by  the  expansion  of  a  piece  of  vulcanite  instead 
of  a  metal  strip,  and  has  no  water  float. 
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The  valve  shown  in  Fig.  45  acts  on  a  somewhat  different  prin- 
ciple. The  float  C  is  made  of  thin  brass,  closed  at  top  and  bottom, 
and  is  partially  filled  with  wood  alcohol.  When  steam  strikes  the 
float,  the  alcohol  is  vaporized,  and  creates  a  pressure  sufficient  to 
bulge  out  the  ends  slightly,  which  raises  the  spindle  and  closes  the 
opening  B. 

Fig.  40  shows  a  form  of  so-called  vacuum  vahe.  It  acts  in  a 
similar  maimer  to  those  already  described,  but  has  in  addition  a 

ball  check  which  prevents  the  air  from  being 
drawn  into  the  radiator,  should  the  steam  go 
down  and  a  vacuum  be  formed.  If  a  partial 
vacuum  exists  in  the  boiler  and  radiators,  the 
boiling  point,  and  consequently  the  tempera- 
ture of  the  steam,  are  lowered,  and  less  heat  is 
given  off  by  the  radiators.  This  method  of 
operating  a  heating  plant  is  sometimes  advo- 
cated for  spring  and  fall,  when  little  heat  is  re- 
quired, and  when  steam  under  pressure  would 
overheat  the  rooms. 

Pipe  Sizes.  The  proportioning  of  the  steam 
pipes. in  a  heating  plant  is  of  the  greatest  im- 
portance, and  should  be  carefully  worked  out 
bv  methods  which  experience  has  proved  to  be 
correct.  There  are  several  ways  of  doing  this; 
but  for  ordinary  conditions,  Tables  XIV,  XV, 
and  XM  have  given  excellent  results  in  actual  practice.  They 
have  been  computed  from  what  is  known  as  D'Arcy's  formula,  with 
suitable  corrections  made  for  actual  working  conditions.  As  the 
computations  are  somewhat  complicated,  only  the  results  will  be  given 
here,  with  full  directions  for  their  proper  use. 

Table  XIV  gives  the  flow  of  steam  in  pounds  per  minute  for 
pipes  of  different  diameters  and  with  varying  drops  in  pressure  be- 
tween the  supply  and  discharge  ends  of  the  pipe.  These  quantities 
are  for  pipes  100  feet  in  length;  for  other  lengths  the  results  must  be 
corrected  by  the  factors  given  in  Table  X^T.  As  the  length  of  pipe 
increases,  friction  becomes  greater,  and  the  quantity  of  steam  dis- 
charged in  a  given  time  is  diminished. 

Table  XIV  is  computed  on  the  assumption  that  the  drop  in 


Fig.  46.    Vacuum  Valve. 
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TABLE   XIV 

Flow  of  Steam  in  Pipes  of  Various  Sizes,  with  Various  Drops  in  Pres= 

sure  between  Supply  and  Discharge  Ends 

Calculated  for  100-Foot  Lengths  of  Pipe 


O 

.  a 

a  0- 

Drop  in  Pressure  (Pounds) 

Q 

M 

3^ 

M. 

1 

1^ 
1.13 

2 

3 

4 

5 

1 

.44 

.63 

.78 

91 

1.31 

1.66 

1.97 

2.26 

IH 

.81 

1.16 

1.43 

1.66 

2.05 

2.39 

3.02 

3.59 

4.12 

ly? 

1.06 

1.S9 

2.. 34 

2.71 

3.36 

3.92 

4.94 

5.88 

6.75 

2 

2.93 

4.17 

5.16 

.5.99 

7.43 

8.65 

10.9 

13.0 

14.9 

2y, 

5.29 

7.  .52 

9.32 

10.8 

13.4 

15.6 

19.7 

23.4 

26.9 

3 

8.61 

12.3 

15.2 

17.6 

21.8 

2.5.4 

32 

31.8 

43.7 

3^ 

12.9 

18.3 

22.6 

26.3 

32.5 

37.9 

■  47.8 

56.9 

6.5.3 

4 

18  1 

25.7 

31.8 

.      .36.9 

4.5.8 

53.3 

67.2 

80.1 

91.9 

5 

32.2 

45.7 

.56.6 

65.7 

81.3 

94.7 

120 

142 

163 

6 

51.7 

73.3 

90.9 

106 

131 

152 

192 

229 

262 

7 

76.7 

109 

135 

157 

194 

226 

285 

339 

390 

8 

108 

154 

190 

222 

274 

319 

402 

478 

549 

9 

147 

209 

258 

299 

371 

432 

545 

649 

745 

10 

192 

273 

3.39 

393 

487 

.567 

715 

8.52 

977 

12 

305 

434 

537 

623 

771 

899 

1,130 

1,,3.50 

1,550 

15 

535 

761 

942 

1,090 

1,350 

1,580 

1,990 

2,370 

2,720 

pressure  between  the  two  ends  of  the  pipe  equals  the  initial  pressure. 
If  the  drop  in  pressure  is  less  than  the  initial  pressure,  the  actual 
discharge  will  be  slightly  greater  than  the  quantities  given  in  the  table; 

TABLE   XV 
Factors  for  Calculating  Flow  of  Steam   in  Pipes  under    Initial    Pres= 

sures  above  Five  Pounds 

To  be  used  in  connection  with  Table  XIV 


Drop  in 

Pressure 

Initi.\l  Pressure   (Pounds) 

IN  Pounds 

10 

20 

30 

40 

60 

80 

i      • 

1 

2 

3 

4 

5 

1.27 
1.26 
1.24 
1.21 
1.17 
1.14 
1.12 

1.49 
1.48 
1,46 
1.41 
1.37 
1.34 
1.31 

1.68 
1.66 
1.64 
1.59 
1.55 
1.51 
1.47 

1.84 
1.83 
ISO 
1.75 
1.70 
1.66 
1.62 

2.13 
2.11 

.2.08 
2.02 
1.97 
1.92 
1.87 

2 
2 
2 

2 
2 
2 
2 

38 
36 
32 
26 
20 
14 
09 

but  this  difference  will  be  small  for  pressures  up  to  5  pounds,  and  may 
be  neglected,  as  it  is  on  the  side  of  safety.  For  higher  initial  pressures, 
Table  XV  has  been  prepared.  This  is  to  be  used  in  connection  with 
Table  XIV  as  follows:  First  find  from  Table  XIV  the  quantity  of 
steam  which  will  be  discharged  through  the  given  diameter  of  pipe 
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TABLE   XVI 
Factors    for  Calculating   Flow   of    Steam   in    Pipes  of    Other   Lengths 

than    lUO  Feet 


Feet 

Factor 

Feet 

Factok 

Feet 

Factor 

Feet 

Factor 

10 

3.16 

'      120 

.91 

275 

.60 

600 

.40 

20 

2.24 

130 

.87 

300 

.57. 

650 

.39 

30 

1.82 

MO 

.84 

325 

.55 

700 

.37 

40 

1.5S 

150 

.81 

350 

.53 

750 

.30 

50 

1  .41 

160 

.79 

375 

.51 

800 

.  35 

no 

1  .29 

170 

.71) 

400 

.50 

850 

.34 

70 

1  .20 

180 

.74 

425 

.48 

900 

.33 

so 

1.12 

190 

.72 

450 

.47 

950 

.32 

00 

1.05 

200 

.70 

475 

.46 

1,000 

.31 

100 

1  .00 

225 

.  or. 

500 

.45 

no 

.95 

250 

■ 

.03 

550 

.42 

with  the  assumed  drop  in  pressure;  then  look  in  Table  XV  for  the 
factor  corresponding  with  the  assumed  drop  and  the  higher  initial 
pressure  to  be  used..  The  quantity  given  in  Table  XIV,  multiplied 
by  this  factor,  will  give  the  actual  capacity  of  the  pipe  under  the  given 
conditions. 

E.vnn)j)lr — Wliat  weiglit  nf  steam  will  he  discharpied  through  a  3-incli 
pipe  100  foot  long,  with  an  initial  ]M'ossuro  of  00  ])ound.'^  and  a  drop  of  2  pound.s? 

Looking  in  Table  XIV,  we  find  that  a  3-inch  pipe  will  dis- 
charge 25 . 4  pounds  of  steam  per  minute  with  a  2-pound  drop.  Then 
looking  in  Table  XV,  we  find  the  factor  corresponding'  to  00  pounds 
initial  pressure  and  a  drop  of  2  pounds  to  be  2.02.  Then  according 
to  the  rule  given,  25.4  X  2.02  =  51 .3  pounds,  which  is  the  capacity 
of  a  3-inch  pipe  under  the  assumed  conditions. 

Sometimes  the  problem  will  be  presented  in  the  following  way: 
What  size  of  pipe  Avill  be  required  to  deliver  SO  pounds  of  steam  a 
distance  of  100  feet  with  an  initial  pressure  of  40  pounds  and  a  drop 
of  3  pounds? 

We  have  seen  that  the  higher  the  initial  pressure  with  a  given 
drop,  the  greater  will  be  the  (juantity  of  steam  discharged;  therefore 
a  smaller  pipe  will  be  required  to  deliver  SO  pounds  of  steam  at  40 
pounds  than  at  3  pounds  initial  pressure  From  Table  XV,  we  find 
that  a  given  pipe  will  discharge  1  .7  times  as  much  steam  per  minute 
with  a  pressure  of  40  pounds  and  a  drop  of  3  pounds,  as  it  would  with 
a  pressure  of  3  pounds,  dropping-  to  zero.  From  this  it  is  evident 
that  if  we  divide  SO  by  1 .7  and  look  in  Table  XIX  under  "3  pounds 
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drop"  for  the  result  thus  obtained,  the  size  of  pipe  corresponding  will 

be  that  required.     Now,  SO  h-  1 .7  =  47.     The  nearest  number  in  the 

table  marked  "3  pounds  drop"  is  47.8,  which  corresponds  to  a  3^- 

inch  pipe,  which  is  the  size  required. 

These  conditions  will  seldom  be  met  with  in  low-pressure  heating, 

but  apply  more  particularly  to  combination  power  and  heating  plants, 

and  will  be  taken  up  more  fully  under  that  head.     For  lengths  of 

pipe  other  than  100  feet,  multiply  the  quantities  given  in  Table  XIV 

by  the  factors  found  in  Table  XVI. 

Example — What  weight  of  steam  will  be  discharged  per  iiiiimle  through 
a  3J-inch  pipe  450  feet,  long,  with  a  pressure  of  5  pounds  and  a  drop  of  \  j)ound? 

Table  XIV,  which  may  })e  used  for  all  pressures  below  10  pounds, 
gives  for  a  ST-inch  pipe  100  feet  long,  a  capacity  of  1.S.3  pounds  for 
the  above  conditions.  Looking  in  Table  XVI,  w^e  find  the  correction 
factor  for  450  feet  to  be  .47.  Then  18.3  X  .47  =  8.6  pounds,  the 
quantity  of  steam  which  will  be  discharged  if  the  pipe  is  450  feet 
long. 

Examples  involving  the  use  of  Tables  XIV,  XV,  and  XVI  in 
combination,  are  quite  common  in  practice.  The  following  example 
w'ill  show  the  method  of  calculation: 

What  size  of  in])e  will  be  required  to  deliver  9U  pounds  of  steam  per 
minute  a  distance  of  SOO  feet,  with  an  initial  pressure  of  SO  pounds  and  a  drop 
of  5  pounds? 

Table  XVI  gives  the  factor  for  800  feet  as  .  35,  and  Table  XV, 
that  for  80  pounds  pressure  and  5  pounds  drop,  as  2.09.     Then 

90 

=  123,  wdiich    is  the  equivalent  quantity  we  must  look 

.35X2.09  1  1  J 

for  in  Table  XIV.  We  find  that  a  4-inch  pipe  will  discharge  91.9 
pounds,  and  a  5-inch  pipe  163  pounds.  A  45-inch  pipe  is  not  com- 
monly carried  in  stock,  and  we  shotild  probably  use  a  5-inch  in  this 
case,  unless  it  was  decided  to  use  a  4-inch  and  allow  a -slightly  greater 
drop  in  pressure.  In  ordinary  heating  work,  with  pressures  varying 
from  2  to  5  pounds,  a  drop  of  \  pound  in  100  feet  has  been  found  to 
give  satisfactory  results. 

In  computing  the  pipe  sizes  for  a  heating  system  by  the  above 
methods,  it  would  be  a  long  process  to  work  out  the  size  of  each 
branch  separately.  Accordingly  Table  XVII  has  been  prepared  for 
ready  use  in  low-pressure  work. 
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As  most  direct  heating  systems,  and  especially  those  in  school- 
houses,  are  made  up  of  both  radiators  and  circulation  coils,  an  effi- 
ciency of  300  B.  T.  U.  has  been  taken  for  direct  radiation  of  whatever 
variety,  no  distinction  being  made  between  the  different  kinds.  This 
gives  a  slightly  larger  pipe  than  is  necessary  for  cast-iron  radiators; 
but  it  is  probably  offset  by  bends  in  the  pipes,  and  in  any  case  gives  a 
slio-ht  factor  of  safety.  We  find  from  a  steam  table  that  the  lainit 
heat  of  steam  at  20  pounds  above  a  vacuum  (which  corresponds  to 
5  pounds' gauge-pressure)  is  954  +  B.  T.  V. — which  means  that,  for 
every  pound  of  steam  condensed  in  a  radiator,  954  B.  T.  U.  are  given 
off  for  warming  the  air  of  the  room.  If  a  radiator  has  an  efficiency 
of  300  B.  T.  U.,  then  each  square  foot  of  surface  will  condense  300  -r- 
954  =:  .314  pound  of  steam  per  hour;  so  that  we  may  assume  in 
round  numbers  a  condensation  of  ^  of  a  pound  of  steam  per  hour  for 
each  scjuare  foot  of  direct  radiation,  when  computing  the  sizes  of 
steam  pipes  in  low-pressure  heating.  Table  XVII  has  been  calculated 
on  this  assumption,  and  gives  the  square  feet  of  heating  surface 

TABLE  XVII 

Heating  Surface  Supplied  by  Pipes  of  Various  Sizes 

Length  of  Pipe,  100  Feet 


SiZK  OK  Pipe 

Square  Feet  of  Heating  Surface 

i  Pound  Drop               , 

i  Pound  t)rop 

1    ■ 

80 

114 

1} 

145 

210 

U 

190 

340 

2 

525 

750 

2i 

950 

1,350 

3 

1,550 

2,210 

^ 

2,320 

3,290 

4 

3,250 

4,620 

5 

5,800 

8,220 

6 

9,320 

13,200 

7 

13,800 

19,620 

8 

19,440 

27.720 

which  different  sizes  of  pipe  will  supply,  with  drops  in  pressure  of 
\  and  ]  pounds  in  each  100  feet  of  pipe.  The  former  should  be  used 
for  pressures  from  1  to  5  pounds,  and  the  latter  may  be  used  for 
pressures  over  5  pounds,  under  ordinary  conditions.  The  sizes  of 
long  mains  and  special  pipes  of  large  size  should  be  proportioned 
directly  from  Tables  XIV,  XV,  and  XVI. 
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Where  tUe  two-pipe  system  is  used  and  the  radiators  have  sepa- 
rate supply  and  return  pipes,  the  risers  or  vertical  pipes  may  be  taken 
from  Table  XVII;  but  if  the  single-pipe  system  is  used,  the  risers 
must  be  increased  in  size,  as  the  steam  and  vv^ater  are  flowing  in  oppo- 
site directions  and  must  have  plenty  of  room  to  pass  each  other.  It 
is  customary  in  this  case  to  basa  the  computation  on  the  velocity  of 
the  steam  in  the  pipes,  rather  than  on  the  drop  in  pressure.  Assum- 
ing, as  before,  a  condensation  of  one-third  of  a  pound  of  steam  per 
hour  per  square  foot  of  radiation.  Tables  XVIII  and  XIX  have  been 
prepared  for  velocities  of  10  and  15  feet  per  second.  The  sizes  given 
in  Table  XIX  have  been  found  sufficient  in  most  cases ;  but  the  larger 
sizes,  based  on  a  flow  of  10  feet  per  second,  give  greater  safety  and 
should  be  more  generally  used.  The  size  of  the  largest  riser  should 
usually  be  limited  to  2^  inches  in  school  and  dwelling-house  work, 
unless  it  is  a  special  pipe  carried  up  in  a  concealed  position.  If  the 
length  of  riser  is  short  between  the  lowest  radiator  and  the  main,  a 
higher  velocity  of  20  feet  or  more  may  be  allowed  through  this  por- 
tion, rather  than  make  the  pipe  excessively  large. 

TABLE  XVIII  TABLE  XIX 

Radiating  Surface  Supplied  by  Steam  Risers 


10  Feet  per  Second  Velocity 

15  Feet  per  Second  Velocity 

Size  of  Pipe 

Sq.  Feet  of  Radiation 

Size  of  Pipe 

Sq.  Feet  of  Radiation 

1  in. 
U   " 

H   " 

2  " 

2h  " 
3'   " 
dh  " 

30 
60 

80 
130 
190 
290 
390 

1  in. 

H   " 

2  " 
2i  " 

3  " 
3J  " 

50 
90 
120 
200 
290 
340 
590 

EXAMPLES   FOR  PRACTICE 

1.  How  many  pounds  of  steam  will  be  delivered  per  minute, 
through  a  3^-inch  pipe  600  feet  long,  with  an  initial  pressure  of  5 
pounds  and  a  drop  of  ^  pound?  Ans.  7.32  pounds. 

2.  What  size  pipe  will  be  required  to  deliver  25.52  pounds 
of  steam  per  minute  with  an  initial  pressure  of  3  pounds  and  a  drop 
of  J  pound,  the  length  of  the  pipe  being  50  feet?       Ans.  4-inch. 

3.  Compute  the  size  of  pipe  required  to  supply  10,000  square 
feet  of  direct  radiation  (assume  i  of  a  pound  of  steam  per  square 
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foot  per  hour)  where  the  distance  to  the  boiler  house  is  300  feet,  and 
the  pressure  carried  is  10  poinids,  allowing  a  drop  in  pressure  of 
4  pounds.  Axs.  5-inch  (this  is  slightly  larger  than  is  required,  while 
a  4-inch  is  much  too  small). 

TABLE  XX 
Sizes  of  Returns  for  Steam  Pipes  (in  Inches) 


• 

Diameter  of  Steam 

Pipe 

Di 

\ METER  OF  Dry  Return 

Diameter  of  Sealed  Return 

!• 

1 

3 
4 

U 

1 

1 

U 

u 

1 

2 

H 

li 

2i 

2 

u 

3 

2;- 

2 

3J   - 

2§ 

2 

4 

3 

2i 

5 

3 

2* 

6 

3J 

3 

7 

3* 

3 

8 

4 

3^ 

9 

5 

3\ 

10 

5 

4 

12 

— « — 

6 

5 

Returns.  The  size  of  return  pipes  is  usually  a  matter  of  custom 
and  judgment  rather  than  computation.  It  is  a  common  rule  among 
steamfitters  to  make  the  returns  one  size  smaller  than  the  corre- 
sponding steam  pipes.  This  is  a  good  rule  for  the  smaller  sizes,  but 
gives  a  larger  return  than  is  necessary  for  the  larger  sizes  of  pipe. 
Table  XX  gives  different  sizes  of  steam  ])ipes  witli  the  corresponding 
diameters  for  drv  and  sealed  returns. 


TABLE   XXI 
Pipe  Sizes  for  Radiator  Connections 


Square  Feet  of  Radiation 

Steam 

Return 

Two-Pipe 

10  to    30 
30  to    48 
48  to    96 
96  to  150 

]  inch 
1 

1-      ■• 

^  inch 
1        " 

Single-Pipe 

10  to    24 

21  to    GO 
60  to    80 
80  to  130 

1  inch 

^  " 

2  " 
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The  length  of  run  and  runnher  of  tnrns  in  a  return  pipe  should 
l)e  noted,  and  any  unusual  conditions  provided  for.  Where  the 
condensation  is  discharged  through  a  trap  into  a  lower  pressure,  the 
sizes  given  may  be  slightly  reduced,  especially  among  the  larger 
sizes,  depending  upon  the  differences  in  pressure. 

Radiators  are  usually  tapped  for  pipe  connections  as  shown  in 
Table  XXI,  and  these  sizes  may  be 
used  for  the  connections  with  the 


Fig  47.    Good  Position  for  Shut  Off 
Valve. 


mams  or  risers. 

Boiler  Connections.  The  steam 
main  should  be  connected  to  the 
rear  nozzle,  if  a  tubular  boiler  is 
used,  as  the  boiling  of  the  water  is 
less  violent  at  this  point  and  dryer 
steam  will  be  obtained.  The  shut- 
off  valve  should  be  placed  in  such  a  position  that  pockets  for  the 
accumulation  of  condensation  will  be  avoided.  Fig.  47  shows  a  good 
position  for  the  valve. 

The  size  of  steam  connection  may  be  computed  by  means  of  the 
methods  already  given,  if  desired.  But  for  convenience  the  sizes 
given  in  Table  XXII  may  be  used  with  satisfactory  results  for  the 
short  runs  between  the  boilers  and  main  header. 


TABLE  XXII 
Pipe  Sizes  from  Boiler  to  Main  Header 


Diameter 

OF  Boiler 

Size  of  Steam  Pipe 

36 

inches 

3 

nches 

42 

4 

4<S 

4 

54 

.5 

60 

5 

66 

6 

72 

6 

The  return  connection  is  made  through  the  blow-oif  pipe,  and 
should  be  arranged  so  that  the  boiler  can  be  blown  off  without  draining 
the  returns.  A  check-valve  should  be  placed  in  the  main  return,  and 
a  plug-cock  in  the  blow-off  pipe.  Fig.  48  shows  in  plan  a  good 
arrangement  for  these  connections. 
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The  feed  connections,  with  the  exception  of  that  part  exposed 
in  the  smoke-bonnet,  are  alwavs  made  of  brass  in  the  best  class  of 
work.     The  small  section  referrcfl  to  shonld  be  of  extra  heavy  wrought 
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Fig.  48.     A  (Jnod  Arrantjemeiu  of  Ketiirn  and  Blow-Off  Connections. 

iron.  The  branch  to  each  boiler  shoultl  be  provided  with  a  gate 
or  globe  valve  and  a  check-valve,  the  former  being  placed  next  to  the 
boiler. 

Table  XXIII  gives  suitable  sizes  for  return,  blow-off,  and  feed 
pipes  for  boilers  of  different  diameters. 

TABLE  XXIII 
Sizes  for  Return,  Blow=Off,  and  Feed  Pipes 


TV  T.  '  Size  of  Pipe         I     Size  of  Blow-Off 

Diameter  of  Boiler    po„  Gravity  Return  Pipe 


36 

inche.s 

42 

48 

54 

60 

66 

72 

U 

inches 

2 

2 

2i 

2i 

3 

3 

\\  inches 
U      " 

2 
2 

2\      " 
2i      " 


Size  of  Feed  Pipe 


1 

1 
1 

u 
u 
u 


inch 


Blow=Off  Tank.  Where  the  blow-off  pipe  connects  with  a 
sewer,  some  means  must  be  provided  for  cooling  the  water,  or  the 
expansion  and  contraction  caused  by  the  hot  water  flowing  through 
the  drain-pipes  will  start  the  joints  and  cause  leaks.  For  this  reason 
it  is  customary  to  pass  the  water  through  a  blow-off  tank.  A  form 
of  wrought-iron  tank  is  shown  in  Fig.  49.  It  consists  of  a  receiver 
supported  on  cast-iron  cradles.  The  tank  ordinarily  stands  nearly 
full  of  cold  water. 

The  pipe  from  the  boiler  enters  above  the  water-line,  and  the 
sewer  connection  leads  from  near  the  bottom,  as  shown.  A  vapor 
pipe  is  carried  from  the  top  of  the  tank  above  the  roof  of  the  building. 
When  water  from  the  boiler  is  blown  into  the  tank,  cold  water  from 
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the  bottom  flows  into  the  sewer,  and  the  steam  is  carried  off  throup-h 
the  vapor  pipe.  The  equalizing  pipe  is  to  prevent  any  siphon  action 
which  might  draw  the  water  out  of  the  tank  after  a  flow  is  once  started. 
As  only  a  part  of  the  Avater  is  blown  out  of  a  boiler  at  one  time,  the 
blow-off  tank  can  be  of  a  comparatively  small  size.  A  tank  24  by  48 
inches  should  be  large  enough  for  boilers  up  to  48  inches  in  diameter; 
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Fig.  49.    Connections  of  Blow-Off  Tank. 

and  one  36  by  72  inches  should  care  for  a  boiler  72  inches  in  diameter. 
If  smaller  quantities  of  water  are  blown  off  at  one  time,  smaller  tanks 
can  be  used.  The  sizes  given  above  are  sufficient  for  batteries  of  2  or 
more  boilers,  as  one  boiler  can  be  blown  off  and  the  water  allowed  to 
cool  before  a  second  one  is  blown  off.  Cast-iron  tanks  are  often 
used  in  place  of  wrought-iron,  and  these  may  be  sunk  in  the  ground 
if  desired. 
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HEATING  AND  VENTILATION 

PART  II 


INDIRECT  STEAM  HEATING 

As  already  stated,  in  the  indirect  method  of  steam  heating,  a 
special  form  of  heater  is  placed  beneath  the  floor,  and  encased  in 
galvaniz-ed  iron  or  in  brickwork.  A  cold-air  box  is  connected  with 
the  space  beneath  the  heater;  and  warm-air  pipes  at  the  top  are 
connected  with  registers  in  the  floors  or  walls  as  already  described  for 
furnaces.  A  separate  heater  may  be  provided  for  each  register  if  the 
grooms  are  large,  or  two  or  more  registers  may  be  connected  with  the 
same  heater  if  the  horizontal  runs  of  pipe  are  short.  Fig.  50  shows 
a  section  through  a  heater  arranged  for  introducing  hot  air  into  a 
room  through  a  floor  register;  and  Fig.  51  shows  the  same  type  of 
heater  connected  with  a  wall  register.  The  cold-air  box  is  seen  at 
the  bottom  of  the  casing;  and  the  air,  in  passing  through  the  spaces 
between  the  sections  of  the  heater,  becomes  warmed,  and  rises  to  the 

rooms  above. 

Diiferent  forms  of  indirect  heaters  are  shown  in  Figs.  52  and  53. 

Several  sections  con- 
nected in  a  single  group 
are  called  a  stack.  Some- 
times the  stacks  are  en- 
cased in  brickwork  built 
up  from  the  basement 
floor,  instead  of  in  gal- 
vanized iron  as  shown  in 
the  cuts.  This  method 
of  heating  provides  fresh 
air  for  ventilation,  and  for 
this  reason  is  especially 

adapted  for  schoolhouses,  hospitals,  churches,  etc.  As  com- 
pared with  furnace  heating,  it  has  the  advantage  of  being  less 
affected  bv  outside  wind-pressure,  as  long  runs  of  horizontal  pipe 


Fig.  50.    Steam  Heater  Placed  under  Floor  Register 
—Indirect  System. 
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are  avoided  and  the  heaters  can  be  placed  near  the  registers.     In  a 
large  building  where  several  furnaces  would  be  required,  a  single 

boiler  can  be  used,  and  the  num- 
ber of  stacks  increased  to  suit 
the  existing  conditions,  thus 
making  it  necessary  to  run  but 
a  single  fire.  Another  advan- 
tage is  the  large  ratio  between 
the  heating  and  grate  surface 
as  compared  with  a  furnace; 
and  as  a  result,  a  large  cjuan- 
tity  of  air  is  warmed  to  a  mod- 
erate temperature,  in  place  of 
a  smaller  quantity  heated  to  a 
much  higher  temperature. 
This  gives  a  more  agreeable 
(juality  to  the  air,  and  renders 
it  less  dry.  Direct  and  indi- 
rect systems  are  often  com- 
bined, thus  providing  the  liv- 
ing rooms  with  ventilation,  while  the  hallways,  corridors,  etc.,  have 
only  direct  radiators  for  warming. 

Types  of  Heaters,  ^^arious  forms  of  indirect  radiators  are  shown 
in  Figs.  52,  53,  54,  and  56.  A  hot-water  radiator  may  be  used  for 
steam;  but  a  steam  radiator  cannot  always  be  used  for  hot  water,  as 


Fig.  51.    Steam  Heater  Connected  to  Wall  Reg- 
ister.—Indirect  Sj'steiu. 


Fig.  .52.    One  Form  of  Indirect  Steam  or  Hot- Water  Heater. 

it  must  be  especially  designed  to  produce  a  continuous  flow  of  water 
through  it  from  top  to  bottom.  Figs.  54  and  55  show  the  outside 
ftnd  the  interior  construction  of  a  common  pattern  of  indirect  radiator 
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designed  especially  for  steam.  The  arrows  in  Fig.  55  indicate  the 
path  of  the  steam  through  the  radiator,  which  is  supplied  at  the  right, 
while  the  return  connection  is  at  the  left.  The  air-valve  in  this  case 
should  be  connected  in  the  end  of  the  last  section  near  the  return. 


Fig.  53.    Anothsr  Form  of  Indirect  Steam  or  Hot- Water  Heater. 

A  very  efficient  form  of  radiator,  and  one  that  is  especially  adapted 
to  the  warming  of  large  volumes  of  air,  as  in  schoolhouse  work,  is. 
shown  in  Fig.  56,  and  is  known  as  the  School  fin  radiator.     This  can 


Fig.  54.    Exterior  View  of  a  Common  Type  of  Radiator  for  Indirect-Steam  Heating. 

be  used  for  either  steam  or  hot  water,  as  there  is  a  continuous  passage 
downward  from  the  supply  connection  at  the  top  to  the  return  at  the 
bottom.     These  sections  or  slabs  are  made  up  in  stacks  after  the 


Fig.  55.    Interior  Mechanism  of  Radiator  Shown  in  Fig.  54. 

manner  shown  in  Fig.  57,  which  represents  an  end  view  of  several 
sectidiis  connected  together  with  special  nipples. 

•     A  very  efficient  form  of  indirect  heater  may  be  made  up  of 
wrought-iron  pipe  joined  together  with  branch  tees  and  return  bends. 
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A  heater  like  that  shown  in  Fig.  58  is  known  as  a  box  coil.  Its  effi- 
ciency is  increased  if  the  pipes  are  staggered — that  is,  if  the  pipes  in 
ahernate  rows  are  placed  over  the  spaces  between  those  in  the  row 
below. 

Efficiency  of    Heaters.    The  efficiency  of    an  indirect    heater 


FiR.  56. 


•School  Pin"  Kadiator,  Especially  Adapted  for  Warming  Large  Volnnie.s  of 
Air  bv  Eiilif-r  Steam  or  Hot  Water. 


depends  npon  its  form,  tlu>  difi'erence  in  temperatnre  between  the 
steam  and  the  surrounding  air,  and  the  velocity  with  which  the  air 
passes  over  the  heater.  .Under  ordinary  conditions  in  dwelling-house 
work,  a  good  form  of  indirect  radiator  will  give  off  about  2  B.  T.  U. 
per  scjuare  foot  per  hour  for 
each  degree  difference  in  tem- 
perature between  the  steam 
and  the  entering  air.  Assum- 
mg  a  steam  pressure  of  2 
pounds  and  an  outside  tem- 
perature of  zero,  we  should 
have  a  difference  in  tempera- 
ture of  about  220  degrees, 
which^  under  the  conditions 
stated,  would  give  an  efficiency 
of  220  X  2  =  440  B.  T.  U. 
per  hour  for  each  square  foot 
of  radiation.  By  making  a  similar  computation  for  10  degrees  be- 
low zero,  we  find  the  efficiency  to  be  460.  In  the  same  manner  we 
may  calculate  the  efficiency  for  varying  conditions  of  steam  pressure 
and  outside  temperature.  In  the  case  of  schoolhouses  and  similar 
buildings  where  largq,  volumes  of  air  are  warmed  to  a  moderate  tem- 


Fig.  57.    End  View  of  Several  "School  Pin" 
Radiator  Sections  Connected  Togethei*. 
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perature,  a  somewhat  higher  efficiency  is  obtained,  owing  to  the  in- 
creased velocity  of  the  air  over  the  heaters.  Where  efficiencies  of  440 
and  460  are  used  for  dwelhngs,  we  mav  substitute  GOO  and  620  for 
schoolhouses.  This  corresponds  approximately  to  2.7  B.  T.  U.  per 
square  foot  per  hour  for  a  difference  of  1  degree  between  the  air  and 
steam. 

The  principles  involved  in  indirect  steam  heating  are  similar 
to  those  alreadv  described  in  furnace  heatin":.  Part  of  the  heat  fjiven 
off  by  the  radiator  must  be  used  in  warming  up  the  air-supply  to  the 
temperature  of  the  room,  and  part  for  offsetting  the  loss  by  conduction 
through  walls  and  windows.  The  method  of  computing  the  heating 
surface  required,  depends  upon  the  volume  of  air  to  be  supplied  to  the 
room.     In  the  case  of. a  schoolroom  or  hall,  where  the  air  quantity 
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Fig.  58.    '-Box  Coil,"  Built  Up  of  Wrought-Iron  Pipe,  for  Indirect-Steam  Heating. 

is  large  as  compared  with  the  exposed  wall  and  window  surface,  we 
should  proceed  as  follows: 

First  compute  the  B.  T.  U.  required  for  loss  by  conduction 
through  walls  and  windows;  and  to  this,  add  the  B.  T.  U.  required 
for  the  necessary  ventilation;  and  divide  the  siim  by  the  efficiency 
of  the  radiators.     An  example  will  make  this  clear. 

Example.  How  many  square  feet  of  indirect  radiation  will  be  required 
to  warm  and  ventilate  a  schoolroom  in  zero  weather,  where  the  heat  loss  by 
conduction  through  walls  and  windows  is  36,000  B.  T.  U..  and  the  air-supply 
is  100,000  cubic  feet  per  hour? 

By  the  methods  given  under  "Heat  for  Ventilation,"  we  have 

100,000  X  70  ^  127,272  =  B.  T.  V.  required  for  ventilation. 

55 
36,000  +  127,272  =  163,272  B.  T.  U.  =  Total  heat  required. 

This  in  turn  divided  by  600  (the  efficiency  of  indirect  radiators 
under  these  conditions)  gives  272  square  feet  of  surface  required. 
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In  the  case  of  a  dwelling-house  the  conditions  are  somewhat 
changed,  for  a  room  having  a  comparatively  large  exposure  will  have 
perhaps  only  2  or  3  occupants,  so  that,  if  the  small  air-fjuantity  neces- 
sary in  this  case  were  used  to  convey  the  required  amount  of  heat 
to  the  room,  it  would  have  to  be  raised  to  an  excessively  high  temper- 
ature. .It  has  been  found  by  experience  that  the  radiating  surface 
necessary  for  indirect  heating  is  about  50  per  cent  greater  than  that 
recjuired  for  direct  heating.  So  for  this  work  we  may  compute  the 
surface  re(|uired  for  direct  radiation,  and  multiply  the  result  by  1.5. 

Buildings  like  hospitals  are  in  a  class  between  dwellings  and 
schoolhouses.  The  air-supply  is  based  on  the  number  of  occupants, 
as  in  schools,  but  other  conditions  conform  more  nearly  to  dwelling- 
houses. 

To  obtain  the  radiating  "surface  for  buildings  of  this  class,  we 
compute  the  total  heat  required  for  warming  and  ventilation  as  in 
the  case  of  schoolhouses,  and  divide  the  sum  l)y  the  efficiencies  given 
for  dwellings— that  is,  440  for  zero  weather,  and  400  for  10  degrees 
below. 

Example.  A  liospital  ward  requires  50,000  cubic  feet  of  air  per  hour  for 
ventilation;  and  the  heat  loss  by  conduction  through  walls,  etc.,  is  100,000 
B.  T.  U.  per  hour.  IIow  many  square  feet  of  indirect  radiation  will  be  required 
to  warm  the  ward  in  zero  weather? 

50,000  X  70   -  55'=  C3,636  B.  T.  U.  for   ventilation;   then, 

03,636  +  100,000      „__  ^  .    ^ 

-77; =  3/2  +  square  leet. 

440  .     ^ 

EXAMPLES  FOR   PRACTICE 

1.  A  schoolroom  having  40  pupils  is  to  be  warmed  and  venti- 
lated when  it  is  10  degrees  below  zero.  If  the  heat  loss  by  conduction 
is  30,000  B.  T.  U.  per  hour,  and  the  air  supply  is  to  be  40  cubic  feet 
per  minute  per  pupil,  how  many  stjuare  feet  of  indirect  radiation,  will 
be  required?  Ans.  273. 

2.  A  contagious  ward  in  a  hospital  has  10  beds,  recpiiring  6,000 
cubic  feet  of  air  each,  per  hour.  The  heat  loss  by  conduction  in  zero 
weather  is  80,000  B.  T.  U.  How  many  .square  feet  of  indirect  radia- 
tion will  be  recjuired?  Ans.  355. 

3.  The  heat  loss  from  a  sitting  room  is  11,250  B.  T.  U.  per 
hour  in  zero  weather.  How  many  square  feet  of  indirect  radiation 
will  be  required  to  warm  it?  Ans.  75. 
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Stacks  and  Casings.  It  has  already  been  stated  that  a  group  of 
sections  connected  together  is  called  a  stack,  and  examples  of  these 
with  their  casings  are  shown  in  Figs.  50  and  ol.  The  casings  are 
usually  made  of  galvanized  iron,  and  are  made  up  in  sections  by 
means  of  small  bolts  so  that  they  may  be  taken  apart  in  case  it  is 
necessary  to  make  repairs.  Large  stacks  are  often  enclosed  in  brick- 
work, the  sides  consisting  of  8-inch  walls,  and  the  top  being  covered 
over  with  a  layer  of  brick  and  mortar  supported  on  light  wrought-iron 
tee-bars.  Blocks  of  asbestos  are  sometimes  used  for  covering,  instead 
of  brick,  the  whole  being  covered  over  with  plastic  material  of  the 
same  kind. 

Where  a  single  stack  supplies  several  flues  or  registers,  the 
connections  between  these  and  the  warm-air  chamber  are  made  in 
the  same  manner  as  already  described  for  furnace  heating.  When 
galvanized -iron  casings  are  used,  the  heater  is  supported  by  hangers 
from  the  floor  above.  Fig. 
59  shows  the  method  of 
hanging  a  heater  from  a  screw ^ 
wooden  floor.  If  the  floor 
is  of  fireproof  construc- 
tion, the  hangers  ma  v  pass 

,  1       +Vi         K       I'  "H//^£7'7-   IRON  PIPE 

up     tnrOUgll     the      brick-    y\^.  59.    Method  of  Haugmg  a  Heater  below  a  Wooden 

work,  and    the  ends    be  Floor. 

provided  with  nuts  and  large  washers  or  plates;  or  they  may  be  clamped 
to  the  iron  beams  which  carry  the  floor.  Where  brick  casings  are 
used,  the  heaters  are  supported  upon  pieces  of  pipe  or  light  I-beams 
built  into  the  walls. 

The  warm-air  space  above  the  heater  should  never  be  less  than 
8  inches,  while  12  inches  is  preferable  for  heaters  of  large  size.  The 
cold-air  space  may  be  an  inch  or  two  less;  but  if  there  is  plenty  of 
room,  it  is  good  practice  to  make  it  the  same  as  the  space  above. 

Dampers.  The  general  arrangement  of  a  galvanized-iron  casing 
and  mixing  damper  is  shown  in  Fig.  60.  The  cold-air  duct  is  brought 
along  the  basement  ceiling  from  the  inlet  window,  and  connects 
with  the  cold-air  chamber  beneath  the  heater.  The  entering  air  passes 
up  between  the  sections,  and  rises  through  the  register  above,  as  shown 
by  the  arrows.  When  the  mixing  damper  is  in  its  lowest  position, 
all  air  reaching  the  register  must  pass  through  the  heater;  but  if  the 
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damper  is  raised  to  the  position  shown,  part  of  the  air  will  pass  by 
without  goinsjj  through  the  heater,  and  the  mixture  entering  through 
the  register  will  be  at  a  lower  temperature  than  before.     By  changing 
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GAL\/'AN/ZCI}  IRON      SLIXIING  DOOR 
CAS/NG 

Fip.  (io.    (leneral  Arrangement  of  a  Galvanized-Iron  Casing  and  Mixing  Damper. 
Damper  between  Heater  and  Register. 

the  position  of  the  damper,  the  proportions  of  warm  and  cold  air 
delivered  to  the  room  can  be  varied,  thus  regulating  the  temperature 
without  diminishing  to  any  great  extent  the  quantity  of  air  delivered. 


^^r^^'^l'^^^^^^*^^^^^-^^^^ 


Fig.  fil.    Heater  and  Mixing  Damper  with  Brick  Casing.    Damper  between 

Heater  and  Register. 

The  objection  to  this  form  of  damper  is  that  there  is  a  tendency  for 
the  air  to  enter  the  room  before  it  is  thoroughly  mixed;  that  is,  a 
stream  of  warm  air  will  rise  through  one  half  of  the  register  while 
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cold  air  enters  through  the  other.  This  is  especially  true  if  the  con- 
nection l)etween  the  damper  and  register  is  short.  ¥\g.  61  shows 
a  similar  heater  and  mixing  damper,  with  l)rick  casing.  Cold  air  is 
admitted  to  the  large  chamber  below  the  heater,  and  rises  throuo-h 
the  sections  to  the  register  as  before.  The  action  of  the  mixing 
damper  is  the  same  as  already  described.  wSeveral  flues  or  reo-isters 
may  be  connected  with  a  stack  of  this  form,  each  connection  havino- 
in  addition  to  its  mixing  damper,  an  adjusting  damper  for  reo-ulatin 
the  flow  of  air  to  the  different  rooms. 

Another  way  of  proportioning  the  air-flow  in  cases  of  this  kind 
is  to  divide  the  hot-air  chamber  above  the  heater  into  sections,  by. 
means  of  galvanized-iron  partitions,  giving  to  each  room  its  proper 
share  of  heating  surface.  If  the  cold-air  supply  is  made  sufficiently 
large,  this  arrangement  is  preferable  to  using  adjusting  dampers  as 


n' 


Fig.  62.    Another  Arrangement  of  Mixing  Damper  and  Heater  in  Galvanized-Iron 
Casing.    Heater  between  Damper  and  Register. 

described  above.  The  partitions  should  be  carried  down  the  full 
depth  of  the  heater  between  the  sections,  to  secure  the  best  results. 
The  arrangement  shown  in  Fig.  62  is  somewhat  different,  and 
overcomes  the  objection  noted  in  connection  with  Fig.  60,  by  sub- 
stituting another.  The  mixing  damper  in  this  case  is  placed  at  the 
other  end  of  the  heater.  When  it  is  in  its  highest  position,  all  of  the 
air  must  pass  through  the  heater  before  reaching  the  register;  but 
when  partially  lowered,  a  part  of  the  air  passes  over  the  heater, 
and  the  result  is  a  mixture  of  cold  and  warm  air,  in  proportions 
depending  upon  the  position  of  the  damper.  As  the  layer  of  warm 
air  in  this  case  is  below  the  cold  air,  it  tends  to  rise  through  it,  and  a 
more  thorough  mixture  is  obtained  than  is  possible  with  the  damper 
shown  in  Fig.  60.  One  quite  serious  objection,  however,  to  this  form 
of  damper,  is  illustrated  in  Fig.  63.     ^yhen  the  damper  is  nearly 
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closed  so  that  the  greater  part  of  the  air  enters  above  the  heater,  it 
has  a  tendency  to  fall  between  the  sections,  as  shown  by  the  arrows, 
and,  becoming  heated,  rises  again,  so  that  it  is  impossible  to  deliver 

air  to  a  room  below  a  certain  tem- 

C'"':^-..^ 1 — I ^""^^  I      peratiire.     This  peculiar  action  in- 
-_ --+  creases  as  the  quantity  of  air  admit- 

ted below  the  heater  is  diminished. 
When  the  inlet  register  is  placed  in 
the  w'all  at  some  distance  above 
the  floor,  as  in  schoolhouse  work,  a  thorough  mixture  of  air  can  be 
obtained  by  plac- 


Fig.  63.    Showing  Difflcnilty  of  Regulat 

iug  Temp)eratiire  with  Armngement 

in  Fig.  02. 


ing  the  heater  so 
that  the  current 
of  warm  air  will 
pass  up  the  front 
of  the  flue  and  be 
discharged  into 
the  room  through 
the  lower  part  of 
the  register.  This 
is  shown  (juite 
clearly  in  Fig.  64, 
where  the  cur- 
rent of  warm  air 
is  represented  by 
crooked  arrows, 
and  the  cold  air 
by  straight  ar- 
rows. The  two 
currents  pass  up 
the  flue  separate- 
ly; l)ut  as  soon 
as  they  are  dis- 
charged through 
the  register 


v*^v^ 


Fig.  64.    Arrangement  of  Heater  and  Damper  Causing  Warm  Air 
to  Enter  Room  through  Lower  Part  of  Register,  thus 
3ecui-ing  Thorough  Mixing 


the 
warm  air  tends 

to  rise,  and  the  cold  air  to  fall,  with  the  result  of  a  more  or  less 
complete  mixture,  as  shown. 
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DIRECT-INDIRECT    SYSTEM    OF    WARMING,    SHOWING    ADJUSTABLE    DAMPER. 

Amei"ican  Radiator  Company. 


DIRECT-INDIRECT  METHOD  OF  WARMING  TAKING  A  FRESH  AIR  SUPPLY 
FROM  OUTSIDE  AND  PASSING  IT  UPWARD 

American  Kadialor  Comnauv 
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It  is  often  desirable  to  wanu  a  room  at  tilnes  when  ventilation 
is  not  necessary,  as  in  the  case  of  living  rooms  during  the  night,  or 
for  quick  warming  in  the  morning.  A  register  and  damper  for  air 
rotation  should  be  provided  in  this  case.  Fig.  65  shows  an  arrange- 
ment for  this  purpose.  When  the  damper  is  in  the  position  shown, 
air  will  be  taken  from  the  room  above  and  be  warmed  over  and  over; 
but,  by  raising  the  damper,  the  supply  will  be  taken  from  outside. 
Special  care  should  be  taken  to  make  all  mixing  dampers  tight  against 
air-leakatife,  else  their  advantages  will  be  lost.  They  should  work 
easily  and  close  tightly  against  flanges  covered  with  felt.  They  may 
be  operated  from  the  rooms  above  by  means  of  chains  passing  over 


Fig.  65.    Arrangement  for  Quick  Heating  witbout  Ventilation.    Damper  Shuts  off  Fresh 
Air,  and  Air  of  Room  Heated  by  Rotating  Forth  and  Back  through 

Register  and  Heater. 

guide-pulleys;  special  attachments  should  be  provided  for  holding 
in  any  desired  position. 

Warm=Air  Flues.  The  required  size  of  the  warm-air  flue  between 
the  lieater  and  the  register,  depends  first  upon  the  dift'erence  in  tem- 
perature between  the  air  in  the  flue  and  that  of  the  room,  and  second, 
upon  the  height  of  the  flue.  In  dwelling-houses,  where  the  con- 
ditions are  practically  constant,  it  is  customary  to  allow  2  square 
inches  area  for  each  square  foot  of  radiation  when  the  room  is  on  the 
first  floor,  and  1^  square  inches  for  the  second  and  third  floors.  In 
the  case  of  hospitals,  where  a  greater  volume  of  air  is  required,  these 
figures  may  be  increased  to  3  square  inches  for  the  first  floor  wards, 
and  2  square  inches  for  those  on  the  upper  floors. 

In  schoolhouse  work,  it  is  more  usual  to  calculate  the  size  of 
flue  from  an  assumed  velocity  of  air-flow  through  it.  This  will  vary 
greatly  according  to  the  outside  temperature  and  the  prevailing  wind 
conditions.     The  following  figures  may  be  taken  as  average  velocities 
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ohtained  in  practice,  and  may  l)e  used  as  a  basis  for  calculatin,;  the 
rcf|uirod  flue  areas  for  the  (Hfi'erent  stories  of  a  school  l)uildiu,<;: 

1st  floor,  2.S()  foot  ])f>r  ininntc. 
2n(l     ••  ,  .'UO     " 
3rd      "  ,  400     "       •• 
These  velocities  will  be  increased  somewhat  in  cold  and  windy  weather 
and  will  be  reduc(>d  when  the  atmosphere  is  mild  and  damp. 

Havinjr  assumed  the;5e  velocities,  and  knowing  the  number  of 
cubic  feet  of  air  to  be  delivered  to  the  room  per  minute,  we  have  only 
to  divide  this  quanity  by  the  assumed  velocity,  to  obtain  the  required 
flue  area  in  square  feet. 

Ktaniple.  A  schoolroom  on  the  second  floor  is  to  have  an  air-supply  of 
2,000  cubic  feet  per  minute.      AViiat  will  be  the  recinircd  flue  area? 

Axs.  2000  -r  340  =  o.<S  +  sq.  feet. 
The  velocities  would  be  higher  in  the  coldest  weather,  and  dampers 
should  be  placed  in  the  flues  for  throttling  the  air-supply  when  nec- 
essary. 

Cold=Air  Ducts.  The  cold-air  ducts  supplying  heaters  should 
be  planned  in  a  manner  similar  to  that  d'escribed  for  furnace  heating. 
The  air-inlet  should  be  on  the  north  or  west  side  of  the  building;  but 
this  of  course  is  not  always  possible.  Tho  method  of  having  a  large 
trunk  line  or  duct  with  inlets  on  two  or  more  sides  of  the  building, 
should  be  carried  out  when  possible.  A  cold-air  room  with  large 
inlet  windows,  and  ducts  connecting  with  the  heaters,  makes  a  good 
arrano-ement  for  schoolhouse  work.  The  inlet  windows  in  this  case 
should  be  provided  with  check-valves  to  prevent  any  outward  flow  of 
air.     A  detail  of  this  arrangement  is  shown  in  Fig.  66. 

This  consists  of  a  boxing  around  the  window,  extending  from 
the  floor  to  the  ceiling.  The  front  is  sloped  as  shown,  and  is  closed 
from  the  ceiling  to  a  point  below  the  bottom  of  the  window.  The 
remainder  is  open,  and  covered  with  a  wire  netting  of  about  V-inch 
mesh;  to  this  are  fastened  flaps  or  checks  of  gossamer  cloth  about 
6  inches  in  width.  These  are  hemmed  on  both  edges  and  a  stout 
wire  is  run  through  the  upper  hem  which  is  fastened  to  the  netting 
by  means  of  small  copper  or  soft  iron  wire.  The  checks  allow  the  air 
to  flow  inward  but  close  when  there  is  any  tendency  for  the  current 

to  reverse. 

The  area  of  the  cold-air  duct  for  any  heater  should  be  about 
three-fourths  the  total  area  of  the  warm-air  ducts  leading  from  it. 
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If  the  (kict  is  of  any  considerable  length  or  contains  sharp  hends,  it 
should  he  m-Mh  the  fnll  size  of  all  the  warm-air  ducts.  Adjustin.i; 
dampers  should  he  placed  in  the  supply  duct  to  each  separate  stack. 
If  a  trunk  with  two  inlets  is  used,  each  inlet  should  be  of  sufficient 
size  to  furnish  the  full  amount  of  air  required,  and  should  be  pro- 
vided with  cloth  checks  for  preventing  an  outward  flow  of  air,  as 
already  described.  The  inlet  windows  should  be  provided  with 
some  form  of  damper  or  slitle,  outside  of  which  should  be  placed  a 
wnre  grating,  backed  by  a  netting  of  about  f-inch  mesh. 

Vent  Flues.     In  dwelling-houses,  vent  flues  are  often  omitted, 
and  the  frequent  opening  of  doors  and  leakage  are  depended  upon  to 
carry  away  the  im- 
pure air.     A  well-  ^"^ 
designed  system  of 
warming    should 
provide  some  means 
for   discharge  ven- 
tilation,    especially 
for  l)athrooms  and 
toilet-rooms,     and 
also  for  living  rooms 
w  here    lights    are 
burned  in  the  even- 
ing.   Fireplaces  are 
usually  provided  in 
the  more  important 
rooms    of    a    well- 
built    house,    and 
these  are  made  to 

serve  as  vent  flues.  In  rooms  having  no  fireplaces,  special  flues 
.of  tin  or  galvanized  iron  may  be  carried  up  in  the  partitions  in 
the  same  manner  as  the  warm-air  flues.  These  should  be  gathered 
together  in  the  attic,  and  connected  with  a  brick  flue  run'ning  up 
beside  the  boiler  or  range  chimney. 

^>ry  fair  results  may  be  obtained  by  simply  letting  the  flues  open 
into  an  unfinished  attic,  and  depending  upon  leakage  through  the 
roof  to  carry  away  the  foul  air. 


^^-^^^^^^^^^^'^^-^^-^^^^^^^ 


Fig.  66.     Air-Inlet  Provided  with  Checli-Valves  to  Prevent 
Outward  Flow  of  Air. 
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Tlu-  sizes  of  Hiu'.s  iiia\  he  made  the  reverse  of  the  warm-air  flues 
— that  is,  1.^  sc^uarc  inehes  area  per  square  foot  of  indirect  radiation 
for  rooms  on  the  first  floor,  and  2  s(|uare  inches  for  those  on  the 
second.  This  is  because  the  velocity  of  flow  will  depend  upon  the 
height  of  flue,  and  will  therefore  be  greater  from  the  first  floor.  The 
flow  of  air  through  the  vents  will  be  slow  at  best,  unless  some  means 
is  provided  for  warming  the  air  in  the  flue  to  a  temperature  above 
that  of  the  room  with  which  it  connects. 

The  method  of  carrying  up  the  outboard  discharge  beside  a  warm 
chimney   is   usually   sufficient    in   dwelling-houses;  but   when   it   is 

desired    to    move   larger 
quantities  of  air,  a  loop 
of  steam  pipe  should  be 
run  inside  the  flue.  This 
should  be  connected   for 
drainage  and  air-venting 
as    shown    in    Fig.    67. 
When   vents  are  carried 
through    the    roof    inde- 
^    pendently,   some  form  of 
protecting    hood    should 
3    be  provided  for  keeping 
out  the  snow   and  rain. 
A  simple  form  is  shown 
in  Fig-.  GS.    Flues  carried 
outboard     in    this    way 
should     always    be    ex- 
tended   well    above    the    ridges  of  adjacent  roofs  to  prevent    down 
drafts  in  windy  weather. 

For  schoolhouse  work  we  may  assume  average  velocities  through 
the  vent  flues,  as  follows: 

1st  floor,  3-10  feet  per  minute. 
2nd     "  ,  280    "      "        " 
3rtl     "  ,  220    "      " 

Where  flue  sizes  are  based  on  these  velocities,  it  is  well  to  guard 
against  down  drafts  ]:)y  placing  an  aspirating  coil  in  the  flue.  A 
single  row  of  pipes  across  the  flue  as  shown  in  Fig.  69,  is  usually 
suflficient  for  this  purpose  when  the  flues  are  large  and  straight; 


Steam 


Return 


Fig.  67.     Tjoop  of  Steam  Pipe  to  be  Run  Inside  Flue. 
Connected  for  Draiuaije  and  Air-Vemiug. 
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otherwise,  two  rows  should  be  provided.  The  slant  height  of  the 
heater  should  be  about  twice  the  depth  of  the  flue,  so  that  the  area 
between  the  pipes  shall  equal  the 
free  area  of  the  flue. 

Large  vent  flues  of  this  kind 
should  always  be  provided  with 
dampers  for  closing  at  night,  and 
for  regulation  during  strong  winds. 

Sometimes  it  is  desired  to  move 
a  given  quantity  of  air  through  a 
flue  which  is  already  in  place. 
Table  XXIV  shows  what  velocities 
may  be  obtained   through   flues  of 


dift'erent    heights,    for 


varvmg 


dif- 


Fig.  68.    Section  Showing  Simple  Fm-m 
of  Protecting  Hood  for  Vent  Car- 
ried through  Roof. 


ferences  in  temperature  between  the 
outside  air  and  that  in  the  flue. 

Example. — It  i.s  desired  to  discharge  1,300  cubic  feet  of  air  per  minute 
through  a  flue  having  an  area  of  4  square  feet  and  a  height  of  30  feet.  If  the 
efficiency  of  an  aspirating  coil  is  400  B.  T.  U.,  how  many  square  feet  of  surface 
will  be  required  to  move  this  amount  of  air  when  the  temperature  of  the  room 
is  70°  and  the  outside  temperature,  is  60°? 


rRONT      V/C\/\/ 


X, 


f2j> 


B-J; 

>-k. 

>< 

W; 

>-k. 

>-c!> 

Fig.  69.    Aspirating  Coil  Placed  in  Flue  to  Prevent  Down  Drafts. 

1,300  -^  4  =  325  feet  per  minute  =  Velocity  through  the  flue. 
Looking  in  Table  XXIV,  and  following  along  the  line  opposite  a 
30-foot  flue,  we  find  that  to  obtain  this  velocity  there  must  be  a  difl"er- 
ence  of  30  degrees  between  the  air  in  the  flue  and  the  external  air. 


95 


86 


HEATING  AND  VENTILATION 


If  the  outside  temperature  is  60  degrees,  then  the  air  in  the  flue  must 
be  raised  to  60  +  30  =  90  degrees.  The  air  of  the  room  being  at 
70  degrees,  a  rise  of  20  degrees  is  necessary.  So  the  problem  resolves 
itself  into  the  following:    "What  amount  of  heating  surface  having  an 

TABLE  XXIV 

Air=Flow  through  Flues  of  Various  Heights  under  Varying 
Conditions  of  Temperature 

(Volumes  given  in  cubic  feet  per  square  foot  of  sectional  area  of  flue) 


Height  of 

Excess  of  Temperature  of  Air  ix  Flue  Above  that  of  External  Air 

Flue 
IN  Feet 

•5° 

10° 

15° 

20° 

30° 

50° 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
60 

55 
77 
94 
108 
121 
133 
143 
153 
162 
171 
188 

76 
108 
133 
153 
171 
188 
203 
217 
230 
242 
264 

94 
133 
162 

188 
210 
230 
248 
865 
282 
297 
325 

109 
153 
188 
217 
242 
265 
286 
306 
325 
342 
373 

134 
188 
230 
265 
297 
325 
351 
375 
398 
419 
461 

167 
242 
297 
342 
383 
419 
453 
484 
514 
541 
594 

efficiency  of  400  B.  T.  U.  is  necessary  to  raise  1,300  cubic  feet  of  air 
per  minute  through  20  degrees?  ' 

1,300  cubic 'feef  per  minute  =  1,300  X  60  =  78,000  per  hour; 

and  making  use  of  our  formula  for  "heat  for  ventilation,"  we  have 

78,000  X  20 


55 


=  28,363  B.T.U.; 


and  this  divided  by  400  =  71  scjuare  feet  of  heating-  surface  recpiired. 

EXAMPLES    FOR    PRACTICE 

1.  A  schoolroom  on  the  third  floor  has  50  pupils,  who  are 
to  be  furnished  with  30  cubic  feet  of  air  per  minute  each.  What  will 
be  the  required  areas  in  square  feet  of  the  supply  and  vent  flues? 

Axs.  Supply,  3:7  +.     Vent,  6.8  +. 

2.  What  size  of  heater  will  be  required  in  a  vent  flue  40  feet 
high  and  with  an  area  of  5  square  feet,  to  enable  it  to  discharge  1,530 
cubic  feet  per  minute,  when  the  outside  temperature  is  60°?  (Assume 
an  efficiency  of  400  B.  T.  U.  for  the  heater.)     Ans.  41 .7  square  feet. 
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Fig.  70.    Section  through  a  Floor  Register. 


Floor  registers 


Registers.     Registers  are  made  of  cast  iron  and  bronze,  in  a 
great  variety  of  sizes  and  patterns.     The  almost  universal  finish  for 
cast-iron  registers  is  black  "Japan;"  but  they  are  also  finished  in 
colors  and  electroplated   with 
copper   and    nickel.     Fig.    70 
shows    a    section    through    a 


floor  register,  in  which  ^1  rep- 
resents the  x'alves,  which  may 
be  turned  in  a  vertical  or  hori- 
zontal position,  thus  opening 
or  closing  the  register?  B  is  the 
iron  border;  C,  the  register  box 
of  tin  or  galvanized  iron;  and  D,  the  warm-air  pipe 
are  usually  set  in  cast-iron  borders,  one  of  which  is  shown  in  Fio-.  71 ; 
while  wall  registers  may  be  screwed  directly  to  wooden  borders  or 
frames  to  correspond  with  the  finish  of  the  room.  Wall  reo-isters 
should  be  provided  with  pull-cords  for  opening  and  closing  from  the 
floor;  these  are  shown  in  Fig.  72.  The  plain  lattice  pattern  shown  in 
Fig.  73  is  the  best  for  schoolhouse  work,  as  it  has  a  comparatively 

free  opening  for 
air-flow  and  is 
pleasingand  sim- 
ple in  design. 
INIore  elaborate 
patterns  are  used 
for  fine  dv/elling- 
house  work. 
Registers  w  i  t  h 
shut-off  valves 
are  used  for  air- 
inlets,  while  the 
plain  register 
faces  without  the 
valves  are  placed 
in  the  vent  open- 
ings. The  vent  flues  are  usually  gathered  together  in  the  attic,  and 
a  single  damper  may  be  used  to  shut  off  the  whole  number  at  once. 
Flat  or  round  wire  gratings  of  open  pattern  are  often  used  in  place  of 


Fig.  71.    Cast-iron  Border  for  a  Floor  Register. 
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register  faces.     The  grill  or  solid  part  of  a  register  face  usually  takes 

up  about -3  of  the  area;  hence  in  computing  the  size,  we  must  allow 

for  this  by  multiplying  the  required  "net  area"  by  1  .5,  to  obtain  the 

"total"  or  "over-ail"  area. 

Example.  Suppose  we  have  a  flue  10  inches  in  width  and  wish  to  use  a 
rejiister  having  a  free  area  of  200  square  inches.  What  will  be  the  reciuired 
height  of  the  register? 

200  X  1 .5  =  300  square  inches,  which  is  the  total  area  recjuired; 
then  300  -^  10  =  30,  which  is  the  required  height,  and  we  should  use 
a  10  by  30-inch  register.     When  a  register  is  spoken  of  as  a  10  by 
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Fig.  72.    Wall  Register  with  Pull 

Cords  for  Opening  and 

Closing. 


Fig.  73.    Plain  Lattice  Pattern  Register.    Best 
for  Schoolhouse  Work. 


30-inch  or  a  10  by  20-inch,  etc.,  the  dimensions  of  the  latticed  opening 
are  meant,  and  not  the  outside  dimensions  of  the  whole  register.  The 
free  opening  should  have  the  same  area  as  the  flue  with  which  it  con- 
nects. In  designing  new  work,  one  should  provide  himself  with  a 
trade  catalogue,  and  use  only  standard  sizes,  as  special  patterns  and 
sizes  are  costly.  Fig.  74  shows  the  method  of  placing  gossamer 
check-valves  back  of  the  vent  register  faces  to  prevent  down  drafts, 
the  same  as  described  for  fresh-air  inlets. 
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Inlet  registers  in  dwelling-house  and  similar  work  are  placed 
either  in  the  floor  or  in  the  baseboard;  sometimes  they  are  located 
under  the  w'indows,  just  above  the  baseboard.  The  object  in  view 
is  to  place  them  where  the  currents  of  air  entering  the  room  will  not 
be  objectionable  to  persons  sitting  near  windows.  A  long,  narrow 
floor-register  placed  close  to  the  wall  in  front  of  a  window,  sends 
up  a  shallow  current  of  warm  air,  which  is  not  especially  noticeable 


GOSSAMER 
CHECKS 

iA/ZRE 
NETT/NG 


Fig.  7-}.    Method  of  Placing  Gossamer  Check-Valves  back  of  Vent  Register  Face 

to  Prevent  Down  Drafts. 

to  one  sitting  near  it.  Inlet  registers  are  preferably  placed  near 
outside  walls,  especially  in  large  rooms.  Vent  registers  should  be 
placed  in  inside  walls,  near  the  floor. 

Pipe  Connections.  The  two-pipe  system  with  dry  or  sealed 
returns  is  used  in  indirect  heating.  The  conditions  to  be  met  are 
practically  the  same  as  in  direct  heating,  the  only  difference  being 
that  the  radiators  are  at  the  basement  ceiling  instead  of  on  the  floors 
above.  The  exact  method  of  making  the  pipe  connections  will 
depend  somewhat  upon  existing  conditions;  but  the  general  method 
shown  in  Fig.  75  may  be  used  as  a  guide,  with  modifications  to  suit 
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any  special  case.    -The  ends  of  all  supply  mains  should  be  dripped, 
and  the  horizontal  returns  should  be  sealed  if  possible. 

Pipe  Sizes.  The  tables  already  given  for  the  proportioning  of 
pipe  sizes  can  be  used  for  indirect  systems.  The  following  table  has 
been  computed  for  an  efficiency  of  640  B.  T.  U.  per  scjuare  foot  of 
surface  per  hour,  which  corresponds  to  a  condensation  of  fj  of  a  pound 
of  steam.    This  is  twice  that  allowed  for  direct  radiation  in  Table 


DR/P 


WATER  UN£ 


\=S 


Q 


MA/N     RETURN 


Fig.  '5.    General  iMelhixl  of  Makiiiic  I'ipe  ana  ivailiator  Couuectious.  in  Basement, 

in  Indirect  Heating. 

XVH;  so  that  we  can  consider  1  square  foot  of  indirect  surface  as 
ecjual  to  2  of  direct  in  computing  pipe  sizes. 

As  the  indirect  heaters  are  placed  in  the  basement,  care  must  be 
taken  that  the  bottom  of  the  radiator  does  not  come  too  near  the 
water-line  of  the  boiler,  or  the  condensation  will  not  flow  l.)ack  prop- 
erly; this  distance,  under  ordinary  conditions,  should  not  be  less  than 
2  feet.  If  much  less  than  this,  the  pipes  shoukl  be  made  extra  large, 
so  that  there  may  be  little  or  no  drop  in  pressure  between  the  boiler 
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TABLE    XXV 
Indirect  Radiating  Surface  Supplied  by  Pipes  of  Various  Sizes 


Square  Feet  of  Indirect  Radiation  which  will  be  Supplied  with 

SiZK  OF  Pipe 

J  Pound  Drop  in  200  Feet 

i  Pound  Drop  in  100  Feet 

i  Pound  Drop  in  1 00  Feet 

1    in. 

28 

40 

57 

U" 

51 

72 

105 

H" 

67 

95 

170 

2    " 

185 

262 

375 

2i  " 

335 

475 

675 

3    " 

540 

775 

1,  105 

3*" 

812 

1,160 

1,645 

4    " 

1,  140 

1,  625 

2,310 

.5     " 

2,030 

2.900 

4.110 

6    ■' 

3,260 

4.  660 

6,600 

7    " 

4.  830 

6,  900 

9,810 

s  ■•• 

6.800 

9,720 

13,  860 

and  the  heater.     A  drop   in  pressure  of   1   pound   would  raise  the 
water-Hne  at  the  heater  2.4  feet. 


Fig.  76.    General  Form  of  Direct-Indirect       Fig.  77.    Sectiuu  ilirough  Radiator  Shown 
Radiator.  In  Fig.  76. 

Direct=Indirect  Radiators.     A  direct-indirect  radiator  is  simihir 
in  form  to  a  direct  radiator,  and  is  placed  in  a  room  in  the  same 
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manner.  Fig.  76  shows  the  general  form  of  this  type  of  radiator; 
and  Fig.  77  shows  a  section  through  the  same.  The  shape  of  the 
sections  is  such,  that  when  in  place,  small  flues  are  formed  between 
them.  Air  is  admitted  through  an  opening  in  the  outside  wall;  and, 
in  passing  upward  through  these  flues,  becomes  heated  before  enter- 
ing the  room.  A  switch-damper  is  placed  in  the  duct  at  the  base  of 
the  radiator,  so  that  the  air  may  be  taken  from  the  room  itself  instead 
'  f  from  out  of  doors,  if  so  desired.  This  is  shown  more  particularly 
in  Fig.  76. 

Fig.  78  shows  the  wall  box  ])r<)\i(led  with  louvre  slats  and  netting, 
through  which  the  uir  is  drawn.     A  damper  door  is  placed  at  either 

end  of  the  radiator  base; 
and,  if  desired,  when  the 
cold-air  supply  is  shut  off 
by  means  of  the  register 
in  the  air-duct,  the  radia- 
tor can  be  converted  into 
the  ordinary  type  by 
opening  both  damper 
doors,  thus  taking  the  air 
from  the  room  instead 
of  from  the  outside.  It  is  customary  to  increase  the  size  of  a  direct- 
indirect  radiator  30  per  cent  above  that  called  for  in  the  case  of 
direct  heating. 

CARE  AND  MANAGEMENT  OF  STEAM= 
HEATING  BOILERS 

Special  directions  are  usually  supplied  by  the  maker  for  each 
kind  of  boiler,  or  for  those  which  are  to  be  managed  in  any  peculiar 
way.  The  following  general  directions  apply  to  all  makes,  and  may 
be  used  regardless  of  the  type  of  boiler  employed  : 

Before  starting  the  fire,  see  that  the  boiler  contains  sufficient 
'water.  The  water-line  should  be  at  about  the  center  of  the  gauge- 
glass. 

The  smoke-pipe  and  chimney  flue  should  be  clean,  and  tlu^  draft 
good. 

Build  the  fire  in  the  usual  way,  using  a  quality  of  coal  which  is 
best  adapted  to  the  heater.     In  operating  the  fire,  keep  the  firepot 


Fig.  78.    Wall  Box  with  Louvre  -Slats  anil  Netting, 
Direct-Indirect  System. 
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full  of  coal,  and  shako  down  and  remove  all  ashes  and  cinders  as  often 
as  the  state  of  the  fire  requires  it. 

Hot  ashes  or  cinders  must  not  he  allowed  to  remain  in  the  ashpit 
under  the  grate-bars,  but  must  be  removed  at  regular  intervals  to 
prevent  burning  out  the  grate. 

To  control  the  fire,  see  that  the  damper  regulator  is  properly 
attached  to  the  draft  doors  and  the  damper;  then  regulate  the  draft 
by  weighting  the  automatic  lever  as  may  be  required  to  obtain  the 
necessary  steam  pressure  for  warming.  Should  the  water  in  the 
boiler  escape  by  means  of  a  broken  gauge-glass,  or  from  any  other 
cause,  the  fire  should  be  dumped,  and  the  boiler  allowed  to  cool  before 
adding  cold  water. 

An  empty  boiler  should  never  be  filled  when  hot.  If  the  water 
gets  low  at  anv  time,  but  still  shows  in  the  gauTC-fjlass,  more  v.-ater 
should  be  added  by  the  means  provided  for  this  purpose. 

The  safety-valve  should  be  lifted  Qccasionally  to  see  that  it  is 
in  working  order. 

If  the  boiler  is  used  in  connection  with  a  oravitv  svstem,  it  should 
be  cleaned  each  year  by  filling  with  pure  water  and  emptying  through 
the  blow-off.  If  it  should  become  foul  or  dirtv,  it  can  be  thorou^-hlv 
cleansed  by  adding  a  few  pounds  of  caustic  soda,  and  allowing  it  to 
stand  for  a  day,  and  then  emptying  and  thoroughly  rinsing. 

During  the  summer  months,  it  is  recommended  that  the  water 
be  drawn  oft'  from  the  system,  and  that  air-valves  and  safety-valves 
be  opened  to  permit  the  heater  to  dry  out  and  to  remain  so.  Good 
results,  however,  are  obtained  by  filling  the  heater  full  of  water, 
driving  off  the  air  by  boiling  slowly,  and  allowing  it  to  remain  in  this 
condition  until  needed  in  the  fall.  The  water  should  then  be  drawn 
off  and  fresh  water  added. 

The  heating  surface  of  the  boiler  should  be  kept  clean  and  free  from 
ashes  and  soot  by  means  of  a  brush  made  especially  for  this  purpose. 

Should  any  of  the  rooms  fail  to  heat,  examine  the  steam  valves 
in  the  radiators.  If  a  two-pipe  system,  both  valves  at  each  radiator 
must  be  opened  or  closed  at  the  same  time,  as  required.  See  that 
the  air-valves  are  in  working  condition. 

If  the  building  is  to  be  unoccupied  in  cold  weather,  draw  all  the 
water  out  of  the  system  by  opening  the  blow-off  pipe  at  the  boiler  and 
all  steam  valves  and  air-valves  at  the  radiators. 
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HOT= WATER    HEATERS 

Types.  ITf)t-\v{itor  heaters  differ  from  steam  boilers  jjriiieipally 
in  the  omission  of  the  reservoir  or  spaee  for  steam  above  the  heating 
snrfaee.     'J'lie  steam  l)oilcr  mis^ht  answer  as  a  heater  for  hot  water; 

but   the  large  capacity 
left  for  the  steam  would 
tend  to  make  its  opera- 
tion   slow    and     rather 
unsatisfactory,  although 
the  same  type  of  boiler 
is   sometimes    used    for 
both   steam   and    hot 
water.   The  passages  in 
a  hot-water  heater  need 
not   extend   so    directly 
from  bottom  to   top   as 
in  a  steam  boiler,  since 
the  jyoblem  of  provid- 
ing for  the  free  liberation 
of    the    steam   bubbles 
does  not  have  to  be  con- 
sidered.  In  general,  the 
heat   from  the  furnace 
should   strike  the    sur- 
faces in  such  a  manner 
as  to  increase  the  natural 
circulation;  this  may  be 
accomplished  to  a  cer- 
tain extent  by  arranging 
the   heating  surface  so 
that  a  large  proportion 
of  the  direct  heat  will 
be   absorbed    near  the 
top  of  the    heater. 
Practically  the  boilers  for  l()W-j)ressure  steam  and  for  hot  water  differ 
from  each  other  very  little  as  to  the  character  of  the  heating  surface, 
so  that  the  methods  already  given  for  computing  the  size  of  grate 
surface,  horse-power,  etc.,  under  the  head  of  "Steam  Boilers,"  can  be 


Fig.  79.    Richardson  Sectiouiil  Hot-Water  Heater. 
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used    with    satisfaofoiy    results    in    thr    case    of    hot-water   heaters. 

It  is  soinctiines  stated  tliat,  owinfjj  to  the  greater  difference  in  tem- 
perature between  the  furnace  gases  and  the  water  in  a  liot-water 
heater,  as  compared  with  steam,  the  heating  surface  will  be  more 
efficient  and  a  smaller  heater  can  be  used.  While  this  is  true  to  a 
certain  extent,  different  authorities  agree  that  this  advanta<''e  is  so 
small  that  no  account  should  be  taken  of  it,  and  the  general  propor- 
tions of  the  heater  should  be  calculated  in  the  same  manner  as  for 
steam.  Fig.  79  shows  a  form  of  hot-water  heater  made  up  of  slabs 
or  sections  similar  to  the  sectional  steam  boiler  shown  in  Part  I. 
The  size  can  be  increased  in  a  similar  manner,  by  adding  more 
sections.  In  this  case,  however,  the  boiler  is  increased  in  width  in- 
stead of  in  length.  This  has  an  advantage  in  the  larger  sizes,  as  a 
second  fire  door  can 
be  added,  and  all 
parts  of  the  grate 
can  be  reached  as 
well  in  the  large  sizes 
as  in  the  small. 

Fig.  80  shows  a 
different  form  of  sec- 
tional boiler,  in  which 
the  sections  are 
placed  one  above  an- 
other. These  boilers 
are  circular  in  form 
and  well  adapted  to 
dwelling-houses  and 
similar  work. 

Fig.  81  shows  another  type  of  cast-iron  heater  which  is  not  made 
in  sections.  The  space  between  the  outer  and  inner  shells  surround- 
ing the  furnace  is  filled  with  water,  and  also  the  cross-pipes  directly 
over  the  fire  and  the  drum  at  the  top.  The  supply  to  the  radiators 
is  taken  off  from  the  top  of  the  heater,  and  the  return  connects  at  the 
lowest  point. 

The  ordinary  horizontal  and  vertical  tubular  boilers,  with  various 
modifications,  are  used  to  a  considerable  extent  for  hot-water  heating, 


Fig.  80. 


Invincible"  Boiler,  with  Sections 
Superposed. 
Courtesy  of  American  Radiator  Co. 
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and  art'  well  adapted  to  this  class  of  work,  ("specially  in  the  cas(>  of 
large  l^uildings. 

Automatic  regulators  are  ofteu  used  for  the  purpose  of  main- 
taining a  constant  temperature  of  the  water.  They  are  constructed 
in  diflferent  ways — some  depend  upon  the  expansion  of  a  metal  pipe 
or  rod  at  diflferent  temperatures,  and  others  upon  the  vaporization 

and  consec|uent  pres- 
sure of  certain  volatile 
licjuids.  These  means 
are  usually  employed 
to  open  small  valves 
which  admit  water- 
pressure  under  rubber 
diaphragms ;  and  these 
ill  turn  are  connected 
by  means  of  chains 
with  the  draft  doors 
of  the  furnace,  and  so 
regulate  the  draft  as 
required  to  maintain 
an  even  temperature 
of  the  water  in  the 
heater.  Fig.  82  shows 
one  of  the  first  kind. 
.1  is  a  metal  rod  placed 
in  the  flow  pipe  from 
the  heater,  and  is  so 
connected  with  the 
valve  B  that  when  the 
water  reaches  a  certain 
temperature  the  expansion  of  the  rod  opens  the  valve  and  admits 
water  from  the  street  pressure  through  the  pipes  C  and  D  into  the 
chamber  E.  The  bottom  of  E  consists  of  a  rubber  diaphragm, 
which  is  forced  down  by  the  water-pressure  and  carries  with  it  the 
lever  which  operates  the  dampers  as  shown,  and  checks  the  fire. 
AVhen  the  temperature  of  the  water  drops,  the  rod  contracts  and 
valve  B  closes,  shutting  off  the  pressure  from  the  chamber  E.  A 
spring  is  provided  to  throw  the  lever  back  to  its  original  position. 


Fig.  81.    Cast-iron  Heater  Not  Made  in  Sections.    Water 

Fills  Ci-oss-Pipes  and  Space  between  Outer  and 

Inner  Shells. 
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and  the  water  above  the  diaphragm  is  forced  out  through  the  pet- 
cock  G,  which  is  kept  slightly  open  all  the  time. 

DIRECT  HOT=WATER  HEATING 

A  hot-water  system  is  similar  in  construction  and  operation  to 
one  designed  for  steam,  except  that  hot  water  flows  through  the 
pipes  and  radiators  instead. 

The  circulation  through  the  pipes  is  produced  solely  by  the  dif- 
ference in  weight  of  the 
water  in  the  supply  and 
return,  due  to  the  differ- 
ence  in  temperature. 
^^^len  water  is  heated  it 
expands,  and  thus  a 
given  volume  becomes 
lighter  and  tends  to  rise, 
and  the  cooler  water  flows 
in  to  take  its  place ;  if  the 
application  of  heat  is  kept 
up,  the  circulation  thus 
produced  is  continuous. 
The  velocity  of  flow  de- 
pends upon  the  difference 
in  temperature  between 
the  supply  and  return, 
and  the  height  of  the 
radiator  above  the  boiler. 
The-  horizontal  distance 
of  the  radiator  from  the 
boiler  is  also  an  important  factor  affecting  the  velocity  of  flow. 

This  action  is  best  shown  by  means  of  a  diagram,  as  in  Fig.  S3. 
If  a  glass  tube  of  the  form  shown  in  the  figure  is  filled  with  water  and 
held  in  a  vertical  position,  no  movement  of  the  water  will  be  noticed, 
because  the  two  columns  A  and  B  are  of  the  same  weight,  and  there- 
fore in  equilibrium.  Now,  if  a  lamp  flame  be  held  near  the  tube  A, 
the  small  bubbles  of  steam  which  are  formed  will  show  the  water 
to  be  in  motion,  with  a  current  flowing  in  the  direction  indicated  by 
the  arrows.     The  reason  for  this  is,  that,  as  the  water  in  A  is  heated. 


Fig.  92.    Hot-Water  Heater  -with  Automatic  Regu- 
lator Operated  thi-ough  Expansion  and  Con- 
traction of  Metal  Rod  in  Flow  Pipe. 
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Fig.  83.  Illustrating 
How  the  Heatin;? 
of  Water  Causes 
Circulation. 


EJCPANS/ON    TANK 


it  expands  and  becomes  li<,4iter  for  a  given  volume,  and  i.s  forced 

upward  by  the  heavier  water  in  B  faUing  to  the  bttttom  of  tlie  tube. 

The  heated  water  flows  from  .1  through  the  connecting  tube  at  the 

top,  into  B,  where  it  takes  tlie  place  of  the 
cooler  water  which  is  settling  to  the  bottom.  If, 
now,  the  lamp  be  replaced  by  a  furnace,  and  the 
columns  A  and  B  be  connected  at  the  top  by 
inserting  a  radiator,  the  illustration  will  assume 
the  practical  form  as  utilized  in  hot-water  heating 
(see  Fig.  84). 

The  heat  given  off  by  the  radiator  always 
insures  a  difference  in  temperature  between  the 
columns  of  water  in  the  supply  and  return  pipes, 
so  that  as  long  as  heat  is  supplied  by  the  furnace 
the  flow  of  water  will  continue.    The  greater  the 

difference  in  temperature  of  the  water  in  the  two  pipes,  the  greater 

the  difference  in  weight,   and  con- 
sequently the  faster  the  flow.     The 

greater  the  height  of  the  radiator 

above  the  heater,  the   more    rapid 

will  be  the  circulation,  because  the 

total  difference  in  weight  between 

the  water  in  the  supply  and  return 

risers  will  vary  directly  with  their 

height.    From  the  above  it  is  evident 

that  the  rapidity  of  flow  depends 

chiefly  upon  the  tempcraiurc  differ- 
ence between  the  supply  and  return, 

and  upon  the  height  of  the  radiator 

above  the  heater.     Another  factor 

which  must  be  considered  in  long 

runs  of  horizontal  pipe  is  the  fric- 

tional  resistance. 

Systems  of  Circulation.    There 

are    two    distinct   systems   of   cir- 
culation employed — one  depending 

on    the    difference    in    temperature 

of  the  water  in  the  supply  and  return  pipes,  called  gravity  circulation; 


RAOly\TOR' 


Fig.  81.    Illustrating  Simple  Circula- 
tion in  a  Heating  System. 
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and  anolhcr  where  u  puin[)  is  used  to  foree  the  water  tlirouoli  the 
mains,  ealled  forced  circulation.  The  former  is  used  for  dweUin<''s 
and  other  buildings  of  ordinary  size,  and  the  hitter  for  large  buildino-s, 
and  especially  where  there  are  long  horizontal  runs  of  pipe. 

For  gravity  circulation  some  form  of  sectional  cast-iron  boiler 
is  commonly  used,  although  wrought-iron  tubular  boilers  may  be 
employed  if  desired.  In  the  case  of  forced  circulation,  a  heater  de- 
signed to  warm  the  water  by  means  of  live  or  exhaust  steam  is  often 
used.  A  centrifugal  or  rotary  pump  is  best  adapted  to  this  pur- 
pose, and  may  be  driven  by  an  electric  motor  or  a  steam  engine, 
as  most  convenient. 

Types  of  Radiating  Surface.  Cast-iron  radiators  and  circulation 
coils  are  used  for  hot  water  as 
well  as  for  steam.  Hot-water 
radiators  differ  from  steam 
radiators  principally  in  having 
a  horizontal  passage  at  the  top 
as  well  as  at  the  bottom. 
This  construction  is  necessary 
in  order  to  draw  off  the  air 
which  gathers  at  the  top  of 
each  loop  or  section.  Other- 
W'ise  they  are  the  same  as 
steam  radiators,  and  are  well 
adapted  for  the  circulation  of 
steam,  and  in  some  respects 
are  superior  to  the  ordinary  pattern  of  steam  radiator. 

The  form  shown  in  Fig.  8.5  is  made  with  an  opening  at  the  top 
for  the  entrance  of  water,  and  at  the  bottom  for  its  discharge,  thus 
insuring  a  supply  of  hot  w^ater  at  the  top  and  of  colder  water  at  the 
bottom. 

Some  hot-water  radiators  are  made  with  a  cross-partition  so 
arranged  that  all  water  entering  passes  at  once  to  the  top,  from  which 
it  may  take  any  passage  toward  the  outlet.  Fig.  86  is  the  more 
common  form  of  radiator,  and  is  made  wnth  continuous  passages  at 
top  and  bottom,  the  hot  water  being  supplied  at  one  side  and  drawn 
off  at  the  other.  The  action  of  gravity  is  depended  upon  for  making 
the  hot  and  lighter  water  pass  to  the  top,  and  the  colder  water  sink 


Fig.  85.    Showing  Construction  of  Radiator  for 

Hot  Water  oi-  Steam.    Note  Horizontal  Pas- 

.sage  along  Top. 


100 


100 


HEATING  AND  VENTILATION 


to  the  bottom  and  flow  ofiF  through  the  return.  Hot-water  radiators 
are  usually  tapped  and  plugged  so  that  the  pipe  connections  can  be 
made  either  at  the  top  or  at  the  bottom.     This  is  shown  in  Fig.  87. 

Wall  radiators  are  adapted  to  hot-water  as  well  as  steam  heating. 

Efficiency  of  Radiators.  The  efficiency  of  a  hot-water  radiator 
depends  entirely  upon  the  temperature  at  which  the  water  is  circu- 
lated. The  best  practical  results  are  obtained  with  the  water  leaving 
the  boiler  at  a  maximum  temperature  of  about  180  degrees  in  zero 
weather  and  returning  at  about  1(>()  degrees;  this  gives  an  average 


FiK  86     Common  Form  of  Hot-Water  Radiator.  Circulation 

Produced  WhoUv  tliroutrh  Action  of  Gravity,  Hot 

Water  Rising  to  Top. 


Fig.  »'.  Knd  Elevation  of 
Radiator  Showing  Taps 
at  Top  and  Bottom  for 
Pipe  Conuectiona. 


temperature  of  1 70  degrees  in  the  radiators,  ^^ariations  may  be  made, 
however,  to  suit  the  existing  conditions  of  outside  temperature.  We 
have  seen  that  an  average  ca.st-iron  radiator  gives  off  about  1.7  B.T.U. 
per  hour  per  square  foot  of  surface  per  degree  difference  in  tempera- 
ture l)etween  the  radiator  and  the  surrounding  air,  when  working 
under  ordinary  conditions;  and  this  holds  true  whether  it  is  filled 
with  steam  or  water. 

If  we  assume  an  average  temperature  of  170  degrees  for  the 
water,  then  the  difference  in  temperature  between  the  radiator  and 
the  air  will  be  170  —  70  =  100  degrees;  and  this  multiplied  by  1 .7  = 
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170,  which  may  be  taken  as  the  efficiency  of  a  hot- water  radiator 
under  the  above  average  conditions. 

This  calls  for  a  water  radiator  about  1 .5  times  as  large  as  a  steam 
radiator  to  heat  a  given  room  under  the  same  conditions.  This  is 
common  practice  although  some  engineers  multiply  by  the  factor  1  .G, 
which  allows  for  a  lower  temperature  of  the  water.  Water  leaving 
the  boiler  at  170  degrees  should  return  at  about  150;  the  drop  in 
temperature  should  not  ordinarily  exceed  20  deo-rees. 

Systems  of  Piping.  A  system  of  hot-water  heating  should  pro- 
duce a  perfect  circulation  of  water  from  the  heater  to  the  radiatino- 


Fig.  88.    System  of  Piping  Usually  Employed  for  Hot- Water  Heating. 

surface,  and  thence  back  to  the  heater  through  the  returns.  The 
system  of  piping  usually  employed  for  hot-water  heating  is  shown  in 
Fig.  SS.  In  this  arrangement  the  main  and  branches  have  an  inclina- 
tion upward  from  the  heater;  the  returns  are  parallel  to  the  mains, 
and  have  an  inclination  downward  toward  the  heater,  connectino- 
with  it  at  the  lowest  point.  The  flow  pipes  or  risers  are  taken  from 
the  tops  of  the  mains,  and  may  supply  one  or  more  radiators  as 
required.  The  return  risers  or  drops  are  connected  with  the  return 
mains  in  a  similar  manner.  In  this  system  great  care  must  be  taken 
to  produce  a  nearly  equal  resistance  to  flow  in  all  of  the  branches,  so 
that  each  radiator  may  receive  its  full  supply  of  water.    It  will  always 
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be  found  that  the  principal  curreiit  of  heated  water  will  take  the  path 
of  least  resistance,  and  that  a  small  obstruction  or  irregularity  in  the 
piping  is  sufficient  to  interfere  greatly  with  the  amount  of  heat  received 
in  the  different  parts  of  the  same  system. 

Some  engineers  prefer  to  carry  a  single  supply  main  around  the 
building,  of  sufficient  size  to  supply  all  the  radiators,  bringing  back 
a  single  return  of  the  same  size.  Practice  has  shown  that  in  general 
it  is  not  well  to  use  pipes  over  8  or  10  inches  in  diameter;  if  larger 
pipes  are  required,  it  is  better  to  run  two  or  more  branches. 

The  boiler,  if  possible,  should  be  centrally  located,  and  branches 

carried  to  differ- 

buildintr.      This 
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Fi,LC.  Si).    System  of  Hot-Water    Piping   Kypeeially    Adapted    to 
Apartment  Building.s  where  Eaeh  b'lat  Has  a  Separate  Healer. 


insures  a  more 
even  circulation 
than  if  all  the 
radiators  are 
supplied  from  a 
sinsrle  long  main, 
in  which  case 
the  circulation 
is  liable  to  be 
sluggish  at  the 
farther  end. 

The  arrange- 
ment shown  in 
Fig.  89  is  similar 


to  the  circuit  system  for  steam,  except  that  the  radiators  have  two 
connections  instead  of  one.  This  method  is  especially  adapted  to 
apartment  houses,  where  each  flat  has  its  separate  heater,  as  it 
eliminates  a  separate  return  main,  and  thus  reduces,  by  practically 
one-half,  the  amount  of  piping  in  the  basement.  The  supply  risers 
are  taken  from  the  top  of  the  main;  while  the  returns  should  con- 
nect into  the  side  a  short  distance  beyond,  and  in  a  direction  away 
from  the  boiler.  ^Yhen  this  system  is  used,  it  is  necessary  to  enlarge 
the  radiators  slightly  as  the  distance  from  the  boiler  increases. 

In  flats  of  eight  or  teij  rooms,  the  size  of  the  last  radiator  may  be 
increased  from  10  to  15  per  cent,  and  the  intermediate  ones  propor- 
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tionally,  at  the  same  time  keeping  the  main  of  a  hirge  and  uniform 
size  for  the  entire  circuit. 

Overhead  Distribution.  This  system  of  piping  is  shown  in  Fio-. 
90.  A  single  riser  is  carried  directly  to  the  expansion  tank,  from 
which  branches  are  taken  to  supply  the  various  drops  to  which  the 
radiators  are  connected.  An  important  advantage  in  connection 
with  this  system  is  that  the  air  rises  at  once  to  thc-expansion  tank, 
and  escapes  through  the  vent,  so  that  air-valves  are  not  required  on 
the  radiators. 


(E  xpansio-n  TanU 


SecoTid.  rioorl' 


First-  rioor 


>^y.'«','.V'-v;' 
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Heater 


Fig.  90.     ••Overheatr'  Distribution  System  of  Hot-Water  Piping. 

At  the  same  time,  it  has  the  disadvantage  that  the  water  in  the 
tank  is  under  less  pressure  than  in  the  heater;  hence  it  will  boil  at 
a  lower  temperature.  No  trouble  will  be  experienced  from  this,  how- 
ever, unless  the  temperature  of  the  water  is  raised  above  212  degrees. 

Expansion  Tank.  Every  system  for  hot-water  heating  should  be 
connected  with  an  expansion  tank  placed  at  a  point  somewhat  above 
the  highest  radiator.  The  tank  must  in  every  case  be  connected  to  a 
line  of  piping  which  cannot  by  any  possible  means  be  shut  off  from 
the  boiler.     When  water  is  heated,  it  expands  a  certain  amount, 
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depending  upon  the  temperature  to  which  it  is  raised;  and  a  tank  or 

reservoir  should  always  be  provided  to  care  for  this  increase  in  volume. 
Expansion  tanks  are  usually  made  of  heavy  galvanized  iron  of 

one  of  thetorms  shown  in  Figs.  91  and  92,  the  latter  form  being  used 

where  the  headroom  is  limited.    The 
connection  from  the  heating  system 
enters  the  bottom  of  the  tank,  and 
^  an  open  vent  pipe  is  taken  from  the 

top.  An  overflow  connected  with 
a  sink  or  drain-pipe  should  be 
provided.  Connections  should  be 
made  with  the  water  supply  both 
at  the  boiler  and  at  the  expansion 
tank,  the  former  to  be  used  when 
first  filling  the  system,  as  by  this 
means  all  air  is  driven  from  the  bot- 
tom upward  and  is  discharged 
through  the  vent  at  the  expansion 
tank.  Water  that  is  added  after- 
w^ard  may  be  supplied  directly  to  the 

expansion  tank,  where  the  water-line  can  be  noted  in  the  gauge-glass. 

A  ball-cock  is  sometimes  arranged  to  keep  the  water-line  in  the  tank 

at  a  constant  level. 
An  altitude 


Fig.  91. 
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A  Common  Form  of  Galvanized- 
Iroii  Expansion  Tank. 
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(J  auge  is  often 
placed  in  the  base- 
ment with. the  col- 
ored hand  or  point- 
er set  to  indicate 
the  normal  water- 
line  in  the  expan- 
sion tank.  When 
the  movable  hand 
falls  below  the 
fixed  one,  more 
water  may  be  added,  as  required,  through  the  supply  pipe  at  the  boiler. 
When  the  tank  is  placed  in  an  attic  or  roof  space  where  there  is  danger 
of  freezing,  the  expansion  pipe  may  be  connected  into  the  side  of  the 


Fig.  92. 


CONNCCT/ON 
FROM 

srsrcA/^ 


Form  of  Expansion  Tank  Used  wliere  Headroom 
is  Limited. 
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tank,  6  or  8  inches  from  the  bottom,  and  a  circulation  pipe  taken 
from  the  lower  part  and  connected  with  the  return  from  an  upper- 
floor  radiator.  This  produces  a  slow  circulation  through  the  tank, 
and  keeps  the  water  warm. 

The  size  of  the  expansion  tank  depends  upon  the  volume  of 
water  contained  in  the  system,  and  on  the  temperature  to  which  it  is 
heated.  The  following  rule  for  computing  the  capacity  of  the  tank 
may  be  used  with  satisfactory  results: 

Square  feet  of  radiation,  divided  by  40.  equals  required  capacity  of 
tank  in  gallons. 

Air=Venting.  One  very  important  point  to  be  kept  in  mind  in 
the  design  of  a  hot-water  system,  is  the  removal  of  air  from  the  pipes 
and  radiators.  When  the  water  in  the  boiler  is  heated,  the  air  it 
contains  forms  into  small  bubbles  which  rise  to  the  highest  points  of  the 
system. 

In  the  arrangement  shown  in  Fig.  88,  the  main  and  branches 
grade  upward  from  the  boiler,  so  that  the  air  finds  its  way  into  the 
radiators,  from  which  it  may  be  drawn  off  by  means  of  the  air-valves. 

A  better  plan  is  that  shown  in  Fig.  89.  In  this  case  the  expan- 
sion pipe  is  taken  directly  off  the  top  of  the  main  over  the  boiler,  so 
that  the  larger  part  of  the  air  rises  directly  to  the  expansion  tank  and 
escapes  through  the  vent  pipe.  The  same  action  takes  place  in  the 
overhead  system  shown  in  Fig.  90,  where  the  top  of  the  main  riser 
is  connected  with  the  tank.  Every  high  point  in  the  system  and 
every  radiator,  except  in  the  downward  system  with  top  supply  con- 
nection, should  be  provided  with  an  air-valve. 

Pipe  Connections.  There  are  various  methods  of  connecting 
the  radiators  with  the  main.s  and  risers.  Fig.  93  shows  a  radiator 
connected  with  the  horizontal  flow  and  return  mains,  which  are 
located  below  the  floor.  The  manner  of  connecting  with  a  vertical 
riser  and  return  drop  is  shown  in  Fig.  94.  As  the  water  tends  to 
flow  to  the  highest  point,  the  radiators  on  the  lower  floors  should  be 
favored  by  making  the  connection  at  the  top  of  the  riser  and  taking 
the  pipe  for  the  upper  floors  from  the  side  as  shown.  Fig.  95  illus- 
trates the  manner  of  connecting  with  a  radiator  on  an  upper  floor  where 
the  supply  is  connected  at  the  top  of  the  radiator. 

The  connections  shown  in  Figs.  96  .and  97  are  used  with  the 
overhead  system  shown  in  Fig.  90. 
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^Yhere  the  connection  is  of  the  form  shown  at  the  left  in  Fig.  90, 
the  cooler  water  from  the  radiators  is  discharged  into  the  supply  pipe 
again,  so  that  the  water  furnished  to  the  radiators  on  the  lower  floors 
is  at  a  lower  temperature,  and  the  amount  of  heating  surface  must  be 
correspondingly  increased  to  make  up  for  this  loss,  as  already  de- 
scribed for  the  circuit  system. 


Fig.  93.    Radiator   Connected   with  Hori 

zontal  Flow  and  Return  Mains 

Located  below  Floor. 


Fig.  94.    Radiator  Connected  to  Vertical 
Riser  and  Return  Drop. 


For  example,  if  in  the  case  of  Fig.  90  we  assume  the  water  to 
leave  at  180  degrees  and  return  at  160,  we  shall  have  a  drop  in  tem- 
perature of  10  degrees  on  each  floor;  that  is,  the  water  will  enter  the 
radiator  on  the  second  floor  at  ISO  degrees  and  leave  it  at  170,  aiifl 
will  enter  the  radiator  on  the  first  floor  at  170  and  leave  it  at  160. 


Fig.  95.     Upper-Floor  Radiator  with  Sup- 
ply Connected  at  Top. 


Fig.  96.    Radiator  Connections.  Overhead 
Distribution  System. 


The  average  temperatures  will  be  175  and  165,  respectively.  The 
efficiency  in  the  first  case  will  be  175  —  70  =  105;  and  105  X  1 .5  = 
157.  In  the  second  case,  165  —  70  =  95;  and  95  X  1.5  =  142; 
so  that  the  radiator  on  t\\e  first  floor  will  have  to  be  larger  than  that 
on  the  second  floor  in  the  ratio  of  157  to  142,  in  order  to  do  the  same 
work. 
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This  is  approximately  an  increase  of  10  per  cent  for  each  story 
downward  to  offset  the  cooling  effect;  ))ut  in  practice  the  supply 
drops  are  made  of  such  size  that  only  a  part  of  the  water  is  by-passed 
throuo-h  the  radiators.  For  this  reason  an  increase  of  5  per  cent 
for  each  story  downward  is  probably  sufficient  in  ordmary  cases. 

^Vhere  the  radiators  discharge 
into  a  separate  return  as  in  the  case 
of  Fig.  88,  or  those  at  the  right  in 
Fig.  90,  we  may  assume  the  tempera- 
ture of  the  water  to  be  the  same  on 
all  floors,  and  give  the  radiators  an 
equal  efficiency. 

In  a  dwelling-house  of  two  stories, 
no  difference  would  be  made  in  the 
sizes  of  radiators  on  the  two  floors; 
but  in  the  case  of  a  tall  office  build - 
inf,  corrections  would  necessarily  be  made  as  above  described. 

^Miere  circulation  coils  are  used,  they  should  be  of  a  form  which 
will  tend  to  produce  a  flow  of  water  through  them.  Figs.  98,  99,  and 
100  show  different  ways'  of  making  up  and  connecting  these  coils. 
In  Fifs.  98  and  100,  supply  pipes  may  be  either  drops  or  risers;  and 


Fig.  97.    Another  Form   of   Radiator 
Connection.  Overhead  Distribu- 
tion System. 


Fig.  98.    Circulation  Coil.  One  Method  of  Construction.    Supply  Pipes 
may  be  Either  Drops  or  Risers. 


in  the  former  case  the  return  in  Fig.  100  may  be  carried  back,  if  desired, 
into  the  supply  drop,  as  shown  by  the  dotted  lines. 

Combination  Sysfems.  Sometimes  the  boiler  and  piping  are 
arranged  for  either  steam  or  hot  water,  since  the  demand  for  a  higher 
or  lower  temperature  of  the  radiators  might  change. 
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The  object  of  this  arrangement  is  to  secure  the  advantages  of  a 
hot-water  system  for  moderate  temperatures,  and  of  steam  heating 
for  extremely  cold  weather. 


C^ 
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Pig.  99.    Another  Method  of  Building  Up  a  Gii'cnlation  Coil. 

As  les.s  radiating  surface  is  required  for  steam  heating,  there  is 
an  advantage  due  to  the  reduction  in  first  cost.  This  is  of  consider- 
able importance,  as  a  heating  system  must  be  designed  of  such  dimen- 
sions as  to  be  capable  of  warming  a  building  in  the  coldest  weather; 
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Fig.  100.    Circulation  Coil  with  Either  Drop  or  Riser  Suliply.    In  former  case,  return 
nuiy  be  carried  into  .Siipi)ly  Drop  as  shown  byDotted  Lines. 

and  this  involves  the  expenditure  of  a  considerable  amount  for  radiat- 
ing surfaces,  which  are  needed  only  at  rare  intervals.  A  combination 
system  of  hot-water  and  steam  heating  requires,  firsi,  a  heater  or  boiler 
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which  win  answer  for  either  purpose;  second,  a  system  of  piping 
which  will  permit  the  circulation  of  either  steam  or  hot  water;  and 
third,  the  use  of  radiators  which  are  adapted  to  both  kinds  of  heating. 
These  requirements  will  be  met  by  using  a  steam  boiler  provided  with 
all  the  fittings  required  for  steam  heating,  but  so  arranged  that  the 
damper  regulator  may  be  closed  by  means  of  valyes  when  the  system 
is  to  be  used- for  hot-water  heating.  The  addition  of  an  expansion 
tank  is  required,  which  must  be  so  arranged  that  it  can  be  shut  off 
when  the  system  is  used  for  steam  heating.  The  system  of  piping 
shown  in  Fig.  88  is  best  adapted  for  a  combination  system,  although 
an  overhead  distribution  as. shown  in  Fig.  90  may  be  used  by  shutting 
off  the  vent  and  overflow  pipes,  and  placing  air-valves  on  the  radiators. 

While  this  system  has  many  advantages  in  the  way  of  cost  over 
the  complete  hot-water  system,  the  labor  of  changing  from  steam 
to  hot  water  will  in  some  cases  be  trouble- 
some; and  should  the  connections  to  the 
expansion  tank  not  be  opened,  serious  re- 
sults would  follow. 

Valves  and  Fittings.  Gate- valves 
should  always  be  used  in  connection  with 
hot-water  piping,  although  angle-valves  may 
be  used  at  the  radiators.  There  are  several 
patterns  of  radiator  valves  made  especially 
for  hot-water  work;  their  chief  advantage 
lies  in  a  device  for  quick  closing,  usually  a 
quarter-turn  or  half-turn  being  sufficient  to 
open  or  close  the  valve.  Two  difterent  designs  are  shown  in  Figs. 
101  and  102. 

It  is  customary  to  place  a  valve  in  only  one  connection,  as  that  is 
sufficient  to  stop  the  flow  of  water  through  the  radiator;  a  fitting 
known  as  a  union  elbow  is  often  employed  in  place  of  the  second  valve. 
(See  Fig.  103.) 

Air=Valves.  The  ordinary  pet-cock  air-valve  is  the  most  reliable 
for  hot-water  radiators,  although  there  are  several  forms  of  auto- 
matic valves  which  are  claimed  to  give  satisfaction.  One  of  these 
is  shown  in  Fig.  104.  This  is  similar  in  construction  to  a  steam 
trap.  As  air  collects  in  the  chamber,  and  the  water-lme  is  lowered, 
the  float  drops,  and  in  so  doing  opens  a  small  valve  at  the  top  of  the 


Fig.  101.    Radiator  Valve  for 
Hot- Water  Work, 
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chamber,  which  allwvvs  the  air  to  escape.     As  tlie  water  flows  in  to  take 
its  place,  the  float  is  forced  upward  and  the  valve  is  closed. 

All  radiators  which  are  supplied  by  risers  from  below,  should  be 

provided  with  air-valves  placed  in  the  top 
of  the  last  section  at  the  return  end.  If 
they  are  supplied  by  drops  from  an  over- 


Fig.  102.    Another  Typo  of  Hot- 
Water  Radiator  Valve. 


Fig.  103.    Union  Elbow. 


head  .system,  the  air  will  be  discharged  at   the   expansion  tank,  and 

air-valves  will  not  be  necessary  at  the  radiators. 

Fittings.     All  fittings,  such  as  elbows,  tees,  etc.,  should  be  of 

the  long-turn  pattern.     If  the  common  form  is  used,  they  should  be 

a  size  larger  than  the  pipe,  bushed 
down  to  the  proper  size.  The  long- 
turn  fittings,  however,  are  preferable, 
and  give  a  much  better  appearance. 
Connections  between  the  radiators 
and  risers  may  be  made  with  the 
ordinary  short -pattern  fittings,  as 
those  of  the  other  form  are  not  well 
adapted  to  the  close  connections  nec- 
essary for  this  work. 

Pipe  Sizes.  The  size  of  pipe 
required  to  supply  any  given  radiator 
depends  upon  four  conditions;  /?r67,  the 
size  of  the  radiator  ;seco7id,  its  elevation 

Fig.  104.     Automatic   Air-Valve   for    oKovp  tlip  bnilpr*    fhirrl    thf>  Ipno-tb   rif 
Hoi- Water  Radiator.    Operated         aDOVe   lUC    DOUer,     Hill  a,    me   lengUl   OI 

by  a  Float.  pjp^  required  to  connect  it  with  the 

boiler;  and  fourth,  the  difference  in  temperature  between  the  supply 
and  the  return. 
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As  it  would  be  a  long  and  rather  complicated  process  to  work  out 
the  required  size  of  each  pipe  for  a  heating  system,  Tables  XXVI  and 
XX^TI  have  been  prepared,  covering  the  usual  conditions  to  be  met 
with  in  practice. 

TABLE    XXVI 

Direct  Radiating  Surface  Supplied  by  Mains  of  Different 
Sizes  and  Lengths  of  Run 


Squ.\re  Feet  of   R.\di.\ting   Surf.^ce 

Size  of  Pipe 

100   ft. 

200   ft.  300   ft. 

400    ft. 

500   ft. 

600   ft 

700    ft. 

SOO   ft.'    1,000 

A 

Run 

Run 

Run 

Run 

Run 

Run 

Rirn 

Run    |ft   Hun 

1    in. 

30 

* 

u- 

60 

50 

u- 

100 

75 

50 

2    ■■ 

200 

150 

125 

100 

75 

2\  •• 

350 

250 

200 

175 

150 

125 

3    •• 

550 

400 

300 

275 

250 

225 

200 

175 

1.50 

3*" 

850 

600 

450 

400 

350 

325 

300 

250 

225 

4    '^ 

1.200 

850 

700 

600 

525 

475 

450 

400 

350 

5    " 

1,400 

1,150 

1.000 

700 

850 

775 

725 

650 

6    " 

1,600 

1,400 

1,300 

1,200 

1.150 

1,000 

7    " 

1.706 

1,600 

1,500 

These  quantities  have  been  calculated  on  a  basis  of  10  feet  difference 
in  elevation  between  the  center  of  the  heater  and  the  radiators,  and  a  differ- 
ence in  temperature  of  17  degrees  between  the  supph'  and  the  return. 

TABLE   XXVIl 

Radiating  Surface  on  Different  Floors  Supplied  by 

Pipes  of  Different  Sizes 


Size  op 
Riser 


Square  Feet  of  R.\di.\tixg   Surf.\ce 


1st    Story 

2cl   Story 

3d  Story 
65 

4th  Story 
7.5 

5th  Story 

85 

6th  Stor>- 

1     in. 

30 

55 

95 

IM" 

60 

90 

110 

125 

140 

160 

iVi  '• 

100 

140 

165 

185 

210 

240 

2      '■ 

200 

275 

375 

425 

500 

2y^- 

3.50 

475 

3       • 

5.50 

3^" 

850 

Table  XXVI  gives  the  number  of  square  feet  of  direct  radiation 
which  different  sizes  of  mains  and  branches  will  supply  for  varying 
lenfTths  of  run. 

Table  XXVI  may  be  used  for  all  horizontal  mains.  For  vertical 
risers  or  drops.  Table  XXVII  may  be  used.     This  has  been  com- 
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puted  for  the  same  difference  in  temperature  as  in  the  ease  of  Table 
XXVI  (17  degrees),  and  gives  the  scjuare  feet  of  surface  which  dif- 
ferent sizes  of  pipe  will  su})ply  on  the  different  floors  of  a  building, 
assuming  the  height  of  the  stories  to  be  10  feet.  Where  a  single 
riser  is  carried  to  the  top  of  a  building  to  supply  the  radiators  on  the 
floors  below,  by  drop  pipes,  we  must  first  get  what  is  called  the  average 
elevation  of  the  system  before  taking  its  size  from  the  table.  This  may 
be  illustrated  by  means  of  a  diagram  (see  Fig.  105). 

In  A  we  have  a  riser  carried  to  the  third  story,  and  from  there  a 
drop  brought  down  to  supply  a  radiator  on  the  first  floor.  The 
elevation  available  for  producing  a  flow  in  the  riser  is  only  10  feet, 
the  same  as  though  it  extended  only  to  the  radiator.  The  water  in 
the  two  pipes  above  the  radiator  is  practically  at  the  same  temperature, 
and  therefore  in  equilibrium,  and  has  no  effect  on  the  flow  of  the 
water  in  the  riser.  (Actually  there  would  be  some  radiation  from  the 
pipes,  and  the  return,  above  the  radiator,  would  be  slightly  cooler,  but 
for  purposes  of  illustration  this  may  be  neglected).  If  the  radiator 
was  on  the  second  floor  the  elevation  of  the  system  would  be  20  feet 
(see  B);  and  on  the  third  floor,  30  feet;  and  so  on.  The  distance 
which  the  pipe  is  carried  above  the  first  radiator  which  it  supplies 
has  but  little  effect  in  producing  a  flow,  especially  if  covered,  as  it 
should  be  in  practice.  Having  seen  that  the  flow  in  the  main  riser 
depends  upon  the  .elevation  of  the  radiators,  it  is  easy  to  see  that  the 
way  in  which  it  is  distributed  on  the  different  floors  must  be  con- 
sidered. For  example,  in  B,  Fig.  105,  there  will  be  a  more  rapid 
flow  through  the  riser  with  the  radiators  as  shown,  than  there  would 
be  if  they  were  reversed  and  the  largest  one  were  placed  upon  the  first 

floor. 

We  get  the  average  elevation  of  the  system  by  multiplying  the 
square  feet  of  radiation  on  each  floor  by  the  elevation  above  the 
heater,  then  adding  these  products  together  and  dividing  the  same 
by  the  total  radiation  in  the  whole  system.  In  the  case  shown  in 
B,  the  average  elevation  of  the  system  would  be 

(100  X  30)  +  (50  X  20)  +  (25  X  10)  _  ^4  feef 
lO'O  +  50  +  25 
and  we  must  proportion  the  main  riser  the  same  as  though  the  whole 
radiation  were  on  the  second  floor.     Looking  in  Table  XXVH,  we 
find,  for  the  second  story,  that  a  H-inch  pipe  will  supply  140  scpuire 
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feet;  and  a  2-inch  pipe,  275  feet.     Probably  a  1  \-inch  pipe  would 
be  sufficient. 

Although  the  height  of  stories  varies  in  different  buildings,  10 
feet  will  be  found  sufficiently  accurate  for  ordinary  practice. 

INDIRECT  HOT=WATER  HEATING 

This  is  used  under  the  same  conditions  as  iiidirect  steam,  and 
the  heaters  used  are  similar  to  those  already  described.     Special 
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Fig.  105.     Diagram  to  Illusti-ate  Finding  of  Avrrage  Elevatiou  of  Heating  System. 

attention  is  given  to  the  form  of  the  sections,  in  ortler  that  there  may 
be  an  even  distribution  of  water  through  all  parts  of  them.  As  the 
stacks  are  placed  in  the  basement  of  a  building,  and  only  a  short 
distance  above  the  boiler,  extra  large  pipes  must  be  used  to  secure  a 
proper  circulation,  for  the  head  producing  flow  is  small.     The  stack 
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casings,  cold-air  aiul  warm-air  pipes,  and  registers  are  the  same  as 
in  steam  heating. 

Types  of  Radiators,  'i'he  radiators  for  indirect  hot-water  heating 
are  of  the  same  general  form  as  those  used  for  steam.  Those  shown 
in  Figs.  52,  53,  50,  lOG,  and  107  are  common  patterns.  The  drum 
fin,  Fig.  100,  is  an  excellent  form,  as  the  method  of  making  the 
connections  insures  a  uniform  distribution  of  water  through  the 
stack. 

Fig.  107  shows  a  radiator  of  good  form  for  water  circulation,  and 
also  of  good  depth,  which  is  a  necessary  point  in  the  design  of  hot- 
water  radiators.  They  should  be  not  less  than  12  or  15  inches  deep 
for  good  results.     Box  cojls  of  the  form  given  for  steam  may  also  be 


Fin.  1  Of).     '-Drum  Pin"  Indirect  Hot-Water  Radiator. 

used,  provided  the  connections  for  supply  and  return  are  made  of 
good  size. 

Size  of  Stacks.  As  indirect  hot-water  heaters  are  used  princi- 
pally in  the  warming  of  dwelling-houses,  and  in  combination  with 
direct  radiation,  the  easiest  method  is  to  compute  the  surfaces  required 
for  direct  radiation,  and  multiply  these  results  by  1 .5  for  pin  radiators 
of  good  depth.  For  other  forms  the  factor  should  vary  from  1.5 
to  2,  depending  upon  the  depth  and  proportion  of  free  area  for  air- 
flow between  the  sections. 

If  it  is  desired  to  calculate  the  required  surface  directly  by  the 
thermal  unit  method,  we  may  allow  an  efficiency  of  from  300  to  400 
for  good  types  in  zero  weather. 
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In  schoolhouse  and  hospital  work,  where  larger  volumes  of  air 
are  warmed  to  lower  temperatures,  an  efficiency  as  high  as  500  B.  T.  U. 
may  be  allowed  for  radiators  of  good  form. 

Flues  and  Casings.  For  cleanliness,  as  well  as  for  obtaining 
the  best  results,  indirect  stacks  should  be  hung  at  one  side  of  the 
register  or  flue  receiving  the  warm  air,  and  the  cold-air  duct  should 
enter  beneath  the  heater  at  the  other  side.  A  space  of  at  least  10 
inches,  and  preferably  12,  should  be  allowed  for  the  warm  air  above 
the  stack.  The  top  of  the  casing  should  pitch  upward  toward  the 
warm-air  outlet  at  least  an  inch  in  its  length.  A  space  of  from  S  to 
10  inches  should  be  allowed  for  cold  air  below  the  stack. 

As  the  amount  of  air  warmed  per  square  foot  of  heating  surface 
is  less  than  in  the  case  of  steam,  we  may  make  the  flues  somewhat 
smaller  as  compared 
with  the  size  of  heater. 
The  following  p  r  o  - 
portions  may  be  used 
under  usual  conditions 
for  dwelling-houses: 
H  square  inches  per 
square  foot  of  radia- 
tion for  the  first  floor, 
Ij  square  inches  for 
the   second   floor,  and 

1\     square    inches    for  Fig.  107.    indirect  H.  a  WatciKaaiator. 

the  cold -air  duct. 

.  Pipe  Connections.  In  indirect  hot-water  work,  it  is  not  desirable 
to  supply  more  than  SO  to  100  square  feet  of  radiation  from  a  single 
connection.  When  the  requirements  call  for  larger  stacks,  thev 
should  be  divided  into  two  or  more  groups  according  to  size. 

It  is  customary  to  carry  up  the  main  from  the  boiler  to  a  point 
near  the  basement  ceiling,  where  it  is  air-vented  through  a  small 
pipe  leading  to  the  expansion  tank.  The  various  branches  should 
grade  downward  and  connect  with  the  tops  of  the  stacks.  In  this 
way,  all  air,  both  from  the  boiler  and  from  the  stacks,  will  find  its  way 
to  the  highest  point  in  the  main,  and  be  carried  off  automatically. 
As  an  additional  precaution,  a  pet-cock  air-valve  should  be  placed 
in  the  last  section  of  each  stack,  and  brought  out  through  the  casing 
by  means  of  a  short  pipe. 
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TABLE   XXVIII 

Radiating  Surface  Supplied  by  Pipes  of  Various   Sizes— Indirect  Hot= 

Water  System 


Diameter 

Square  Feet  of  Radiating  Surface 

Pipe 

100  Ft.  Run 

200  Ft.  Run 

300  Ft.  Run 

400  Ft.  Run 

!•   ill. 
\\    ■■ 
U   " 
2     " 
2i   " 
3'   " 
3i   " 

4  " 

5  " 

6  " 

7  " 

15 
30 
50 
100 
175 
275 
425 
GOO 

25 
40 
75 
125 
200 
300 
J  25 
700 

25 
GO 
100 
150 
225 
350 
575 

50 
90 
140 
200 
300 
500 
SOO 
1,200 

Some  engineers  make  a  practice  of  carrying  the  main  to  the 
ceiling  of  the  first  story,  and  then  ch'opping  to  the  basement  before 
branching  to  the  stacks,  the  idea  being  to  accelerate  the  flow  of  water 
through  the  main,  which  is  liable  to  be  sluggish  on  account  of  the 
small  dift'erence  in  elevation  between  the  boiler  and  stacks.  If 
the  return  leg  of  the  loop  is  left  uncovered,  there  will  be  a  slight  drop 
in  temperature,  tending  to. produce  this  result;  but  in  any  case  it  will 
be  exceedingly  small.  With  supply  and  return  mains  of  suitable 
size  and  properly  graded,  there  should  be  no  diflficulty  in  securing  a 
good  circulation  in  basements  of  average  height. 

Pipe  Sizes.  As  the  dift'erence  in  elevation  between  the  stacks 
and  the  heater  is  necessarily  small,  the  pipes  should  be  of  ample  size 
to  offset  the  slow  velocity  of  flow  through  them.  The  sizes  mentioned 
in  Table  XXVIII,  for  runs  up  to  400  feet,  will  be  found  to  supply 
ample  radiating  surface  for  ordinary  conditions.  Some  engineers 
make  a  practice  of  using  somewhat  smaller  pipes,  but  the  larger  sizes 
will  in  general  be  found  more  satisfactory. 

CARE  AND  MANAGEMENT  OF  HOT=WATER  HEATERS 

The  directions  given  for  the  care  of  steam-heating  boilers  apply 
in  a  general  way  to  hot-water  heaters,  as  to  the  methods  of  caring 
for  the  fires  and  for  cleaning  and  filling  the  heater.  Only  the  special 
points  of  dift'erence  need  be  considered.  Before  building  the  fire,  all 
the  pipes  and  radiators  must  be  full  of  water,  and  the  expansion  tank 
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should  be  partially  filled  as  indicated  bv  the  gauge-glass.  Should 
the  water  in  any  of  the  radiators  fail  to  circulate,  see  that  the  valves 
are  wide  open  and  that  the  radiator  is  free  from  air.  Water  must 
always  be  added  at  the  expansion  tank  when  for  any  reason  it  is 
drawn  from  the  system. 

The  required  temperature  of  the  water  will  depend  upon  the 
outside  conditions,  and  only  enough  fire  should  be  carried  to  keep 
the  rooms  comfortably  warm.  Ther- 
mometers should  be  placed  in  the  flow 
and  return  pipes  near  the  heater,  as  a 
guide.  Special  forms  are  made  for 
this  purpose,  in  which  the  bulb  is  im- 
mersed in  a  bath  of  oil  or  mercury  (see 
Fig.  108). 

FORCED    HOT=WATER    CIRCU= 
LATION 

While  the  gravity  system  of  hot- 
water  heating  is  well  adapted  to 
buildings  of  small  and  medium  size, 
there  is  a  limit  to  which  it  can  be  car- 
ried economically.  This  is  due  to  the 
slow  movement  of  the  Water,  which 
calls  for  pipes  of  excessive  size.  To 
overcome  this  difficulty,  pumps  are 
used  to  force  the  water  through  the 
mains  at  a  comparatively  high  velocity. 

The  water  may  be  heated  in  a 
boiler  in  the  same  manner  as  for 
gravity  circulation,  or  exhaust  steam 

r^r,r,rr  Ur^  ,,+W,r,^A  ,'.,  „    (^^  1  A       1        i         Fig.  108.    Thermomcter  Attached  t 

may  be  utilized  in  a   feed-water  heater       Peed-Plpe  near  Heater,  to  Deter- 

e  1  •  o  i-  ■  ,        i»     1  mine  Temperature  of  Water. 

of  large  size.     Sometimes  part  of  the 

heat  is   derived  from  an  economizer  placed   in  the  smoke  passage 

from  the  boilers. 

Systems  of  Piping.  The  mains  for  forced  circulation  are  usually 
run  in  one  of  two  ways.  In  the  hco-pipe  system,  shown  in  Fig.  109, 
the  suppfy  and  return  are  carried  side  by  side,  the  former  reducing 
in  size,  and  the  latter  increasing  as  the  branches  are  taken  off. 
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The  flow  throuo;h  the  risers  is  produced  by  the  difference  in 
pressure  in  the  supply  and  return  mains;  and  as  this  is  greatest 
nearest  the  pump,  it  is  necessary  to  place  throttle-valves  in  the  risers 
to  prevent  short-circuiting  and  to  secure  an  even  distribution  through 
all  parts  or  the  system. 

Fig.  110  shows  the  single-pipe  or  circuit  system.  This  is  similar 
to  the  one  already  described  for  gravity  circulation,  except  that  it  can 
be  used  on  a  much  larger  scale. 

A  single  main  is  carried  entirely  around  the  building  in  this 
case,  the  ends  being  connected  with  the  suction  and  discharge  of  the 
pump  as  shown. 

As  the  pressure  or  head  in  the  main  drops  constantly  throughout 
the  circuit,  from  the  discharge  of  the  pump  back  to  the  suction,  it  is 


tA- 


O 

X 


<■     1     P\j.mp 


Fig.  109.    "Two-Pipe"  System  for  Force!  Hot-iVater  Circulation. 

evident  that  if  a  supply  riser  be  taken  off  at  any  point,  and  the  return 
be  connected  into  the  main  a  short  distance  along  the  line,  there  will 
be  a  sufficient  difference  in  pressure  between  the  two  points  to  produce 
a  circulation  through  the  two  risers  and  the  connecting  radiators. 
A  distance  of  8  or  10  feet  between  the  connections  is  usually  ample  to 
produce  the  necessary  circulation,  and  even  less  if  the  supply  is  taken 
from  the  top  of  the  main  and  the  return  connected  into  the  side. 

Sizes  of  Mains  and  Branches.  As  the  velocity  of  flow  is  inde- 
pendent of  the  temperature  and  elevation  when  a  pump  is  used,  it  is 
necessarv  to  consider  oulv  the  volume  of  water  to  be  moved  and  the 
length  of  run, 
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The  volume  is  found  by  the  equation 

R  E 


Q  = 


500   f 


in  which 

Q  =  Gallons  of  water  required  per  minute; 
R  —  Square  feet  of  radiating  surface  to  be  supplied; 
E  —  Efficiency  of  radiating  surface  in  B.  T.  U.  per  sq.  foot  per  hour; 
T  =  Drop  in  temperature  of  the  water  in  passing  through  the  heating 
system. 

In  systems  of  this  kind,  where  the  circulation  is  comparatively 
rapid,  it  is  customary  to  assume  a  drop  in  temperature  of  30°  to  40°, 
between  the  supply  and  return. 

Having  determined  the  gallons  of  water  to  be  moved,  the  required 
size  of  main  can  be  found  bv  assuming  the  velocitv  of  flow,  which 
for  pipes  from  5  to  8  inches  in  diameter  may  be  taken  at  400  to  500 
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Fig.  r.J.    ■•Siugle-Pipe"  or  ■■Circuit"  Sy.stein  for  Forced  Hot-Water  Circalatiou. 

feet  p?r  minute.  A  velocity  as  high  as  600  feet  is  sometimes  allowed 
for  pipes  oi  large  size,  while  the  velocity  in  those  of  smaller  diameter 
should  be  proportionally  reduced  to  250  or  300  feet  for  a  3-inch  pipe. 
The  next  step  is  to  find  the  pressure  or  head  necessary  to  force  the 
water  through  the  main  at  the  given  A^locity.  This  in  general  should 
not  exceed  50  or  60  feet,  and  much  better  pump  efficiencies  will  be 
obtained  with  heads  not  exceeding  35  or  40  feet. 

As  the  water  in  a  heating  system  is  in  a  state  of  equilibrium,  the 
only  power  necessary  to  produce  a  circulation  is  that  required  to 
overcome  the  friction  in  the  pipes  and  radiators;  and,  as  the  area  of 
the  passageways  through  the  latter  is  usually  large  in  comparison 
with  the  former,  it  is  customary  to  consider  only  the  head  necessary 
to  force  the  water  through  the  mains,  taking  into  consideration  the 
additional  friction  produced  by  valves  and  fittings. 
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Each  long-turn  elbow  may  be  taken  as  adding  about  4  feet  to 
the  length  of  pipe;  a  short-turn  fitting,  about  f)  feet;  O-inch  and 
4-inch  swing  check-valves,  50  feet  and  25  feet,  respectively;  and 
()-inch  and  4-inch  globe  check-valves,  200  feet  and  130  feet,  respec- 
tively. 

Table  XXIX  is  prepared  especially  for  determining  the  size  of 
mains  for  different  conditions,  and  is  used  as  follows: 

Example.  Suppose  that  a  heating  system  requires  the  ('ircuUition  of  480 
gallons  of  water  per  minute  through  a  circuit  main  GOO  feet  in  length.  The 
pipe  contains  12  long-turn  elbows  and  1  swing  check-valve.  What  diameter 
of  main  should  be  iised  ? 

Assuming  a  velocity  of  4S0  feet  per  minute  as  a  trial  velocity,  we 
follow  along  the  line  corresponding- to  that  velocity,  and  find  that  a 
5 -inch  pipe  will  deliver  the  required  volume  of  water  under  a  head 
of  4.9  feet  for  each  100  feet  length  of  run. 

The  actual  length  of  the  main,  including  the  equivalent  of  the 
fittings  as  additional  length,  is 

600  -f  (12  X  9)  +  50  =  758  feet;  . 
hence  the  total  head  required  is  4.9  X  7.58  =  37  feet.  As  both 
the  assumed  velocity  and  the  necessary  head  come  within  practicable 
limits,  this  is  the  size  of  pipe  which  would  probably  be  used.  If  it 
were  desired  to  reduce  the  power  for  running  the  pumj),  the  size  of 
main  could  be  increased.  That  is.  Table  XXIX  shows  that  a  6-incli 
pipe  would  deliver  the  same  volume  of  water  with  a  friction  head  of 
only  about  2  feet  per  100  feet  in  length,  or  a  total  head  of  2  X  7 .58  = 
15   feet. 

The  risers  in  the  circuit  system  are  usually  made  the  same  size 
as  for  gravity  work.  With  double  mains,  as  shown  in  Fig.  109,  they 
may  be  somewhat  smaller,  a  reduction  of  one  size  for  diameters  over 
1 J  inches  being  common 

The  branches  connecting  the  risers  with  the  mains  may  be  pro- 
portioned from  the  combined  areas  of  the  risers.  When  the  branches 
are  of  considerable  size,  the  diameter  may  be  computed  from  the 
available  head  and  volume  of  water  to  be  moved. 

Pumps.  Centrifugal  pumps  are  usually  employed  in  connection 
with  forced  hot-water  circulation,  in  preference  to  pumps  of  the 
piston  or  plunger  type.  They  are  simple  in  construction,  having 
no  valves,  produce  a  continuous  flow  of  water,  and,  for  the  low  heads 
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against  which  thev  are  operated,  have  a  good  efficiency.  A  pump  of 
this  type,  with  a  direct-connected  engine,  is  shown  in  Fig.  111. 

Under  ordinary  conditions  the  efficiency  of  a  centrifugal  pump 
falls  off  considerably  for  heads  above  30  or  35  feet;  but  special  high- 
speed pumps  are  constructed  which  work  with  a  good  efficiency 
against  500  feet  or  more. 

Under  favorable  conditions  an  efficiency  of  GO  to  70  per  cent  is 
often  obtained;  but  for  hot-water  circulation  it  is  more  common  to 
assume  an  efficiency  of  about  50  per  cent  for  the  average  case. 

The  horse-power  required  for  driving  a  pump  is  given  by  the 


following  formula : 


in  which 


■     ■  "    33,000"x£' 


//  =  Friction  head  in  feet; 

V  =  Gallons  of  water  delivered  {)er  minute; 

E  =  Efficiency  of  pump. 

Centrifugal  })um{)s  are  made  in  many  sizes  and  with  varying 
proportions,  to  meet  the  different  recjuirements  of  capacity  and  head. 

Heaters.  If  the  water  is  heated  in  a  boiler,  any  good  form  may 
be  used,  the  same  as  for  gravity  work.  In  case  tubular  boilers  are 
used,  the  entire  shell  may  be  filled  with  tubes,  as  no  steam  space  is 
required. 

In  order  to  prevent  the  water  from  passing  in  a  direct  line  from 
the  inlet  to  the  outlet,  a  series  of  baffle-plates  should  be  used  to  bring 
it  in  contact  with  all  parts  of  the  heating  surface. 

When  -steam  is  used  for  heating  the  water,  it  is  customary  to 
employ  a  closed  feed-water  heater  with  the  steam  on  the  inside  of  the 
tubes  and  the  water  on  the  outside. 

Any  good  form  of  heater  can  be  used  for  this  purpose  by  providing 
it  with  steam  connections  of  sufficient  size.  In  the  ordinary  form  of 
heater,  the  feed-water  flows  through  the  tubes,  and  the  connections 
are  therefore  small,  making  it  necessary  to  substitute  special  nozzles 
of  large  size  when  used  in  the  manner  here  described. 

When  computing  the  required  amount  of  heating  surface  in  the 
tubes  of  a  heater,  it  is  customary  to  assume  an  efficiency  of  about  200 
B.  T.  U.  per  square  foot  of  surface  per  hour,  per  degree  difference  in 
emperature  between  the  water  and  steam. 
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It  is  usual  to  circulate  the  water  at  a  somewhat  higher  tempera- 
ture in  systems  of  this  kind,  and  a  maximum  initial  temperature  of 
200  degrees,  with  a  drop  of  40  degrees  in  the  heating  system,  may  be 
used  in  computing  the  size  of  heater.  If  exhaust  steam  is  used  at 
atmospheric  pressure,  there  will  be  a  difference  of  212  —  180  ==  32 
degrees,  between  the  average  temperature  of  the  water  and  the  steam, 
giving  an  efficiency  of  200  X  32  =  6,400  B.  T.  U.  per  square  foot 
of  heatiuG;  surface. 

From  this  it  is  evident  that  G,400   ^  170  =  38  scjuare  feet  of 

direct  radiating  surface,  or  6,400  -~  400  =  16  square  feet  of  indirect, 

may  be  supplied  from  each  square  foot  of  tube  surface  in  the  heater. 

Example.  A  building  having  6,000  square  feet  of  direct,  and  2,000 
square  feet  of  indirect  radiation,  is  to  be  warmed  by  hot  water  under  forced 
circuhition.  Steam  at  atmospheric  pressure  is  to  be  used  for  heating  the 
water.     How  many  square  feet  of  heating  surface  should  the  heater  contain  ? 

6,000  -38=  158;  and  2,000 
--  16  =  125;  therefore,  158  + 
125  =  283  square  feet,  the  area 
of  heating  surface  called  for. 

When  the  exhaust  steam  is 
not  sufficient  for  the  require- 
ments, an  auxiliary  live  steam 
heater  is  used  in  connection' 
with  it. 

EXAMPLES  FOR  PRACTICE 

1 .  A  buildino;  contains 
10,000  square  feet  of  direct 
radiation  and  4,000  square  feet 
of  indirect  radiation.  How 
many  gallons  of  water  must  be  circulated  through  the  mains  per  min- 
ute, allowing  a  drop  in  temperature  of  40  degrees?  Axs.  165  gal. 

2.  In  the  above  example,  what  size  of  main  should  be  used, 
assuming  the  circuit  to  be  300  feet  in  lenj^th  and  to  contain  ten  long- 
turn  elbows?  The  friction  head  is  not  to  exceed  10  ft.,  and  the 
velocity  of  flow  not  to  exceed  300  feet  per  minute.    Axs.  4-inch. 

3.  ^Yhat  horse-power  will  be  required  to  drive  a  centrifugal 
pump  delivering  400  gallons  per  minute  against  a  friction  head  of 
40  feet,  assuming  an  efficiency  of  50  per  cent  for  the  pump? 

Axs.  8  a  P. 


Fig.  lU.     Centrifugal    Pump  Direct-Cou- 
neeted  to  Engine,  for  Forced  Hot- 
Water  Circulation. 
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4.  A  building  contains  10,000  scjuare  feet  of  direct  radiation  and 
5,000  square  feet  of  indirect  radiation.  Steam  at  atmospheric  pres- 
sure is  to  be  used.  The  initial  temperature  of  the  water  is  to  be  2p0°; 
and  the  final,  160°.  How  many  square  feet  of  heating  surface  should 
the  heater  contain?  Ans.  575  sq.  ft, 

5.  How  many  square  feet  would  be  recjuired  in  the  above 
heater  (Example  4)  if  the  initial  temperature  of  the  water  were  180° 
and   the   final   temperature    loO°?  Axs.  399  sq.  ft.' 

EXHAUST=STEAM  HEATING 

Steam,  after  being  used  in  an  engine,  contains  the  greater  part 
of  its  heat ;  and  if  not  condensed  or  used  for  other  purposes,  it  can 
usually  be  employed  for  heating  without  affecting  to  any  great  extent 
the  power  of  the  engine.  In  general^  we  may  say  that  it  is  a  matter  of 
economy  to  use  the  exhaust  for  heating,  although  various  factors 
must  be  considered  in  each  case  to  determine  to  what  extent  this  is 
true.  The  more  important  considerations  bearing  upon  the  matter 
are:  the  relative  quantities  of  steam  required  for  power  and  for 
heating;  the  length  of  the  heating  season;  the  t\^e  of  engine  used; 
the  pressure  carried;  arid,  finally,  whether  the  plant  under  con- 
sideration is  entirely  new,  or  whether,  on  the  other  hand,  it  involves 
the  adapting  of  an  old  heating  system  to  a  new  plant. 

The  first  use  to  be  made  of  the  exhaust  steam  is  the  heating  of 
the  feed-water,  as  this  effects  a  constant  saving  both  summer  and 
winter,  and  can  be  done  without  materially  increasing  the  back- 
pressure on  the  engine.  Under  ordinary  conditions,  about  one-sixth 
of  the  steam  supplied  to  the  engine  can  be  used  in  this  way,  or  more 
nearly  one-fifth  of  the  exhaust  discharged  from  the  engine. 

We  may  assume  in  average  practice  that  about  80  per  cent  of 
the  steam  supplied  to  an  engine  is  discharged  in  the  form  of  steam 
at  a  lower  pressure,  the  remaining  20  per  cent  being  partly  converted 
into  work  and  partly  lost  through  cylinder  condensation.  Taking 
this  into  account,  there  remains,  after  deducting  the  steam  used  for 
feed-water  heating,  .8  X  I  =  .64  of  the  entire  quantity  of  steam 
supplied  to  the  engine,  available  for  heating  purposes. 

\Mien  the  quantity  of  steam  required  for  heating  is  small  com- 
pared with  the  total  amount  supplied  to  the  engine,  or  where  the 
heating  season  is  short,  it  is  often  more  economical  to  run  the  engine 
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condensing  and  use  the  live  steam  for  heating.  This  can  be  deter- 
mined in  any  particular  case  by  computing  the  saving  in  fuel  by  the 
use  of  a  condenser,  taking  into  account  the  interest  and  depreciation 
on  the  first  cost  of  the  condensing  apparatus,  and  the  cost  of  water, 
if  it  must  be  purchased,  and  comparing  it  with  the  cost  of  heating 
with  live  steam. 

Usually,  however,  in  the  case  of  office  buildings  and  institutions, 
and  commonly  in  the  case  of  shops  and  factories,  especially  in  north- 
erly latitudes,  it  is  advantageous  to  use  the'exhaust  for  heating,  even  if 
a  condenser  is  installed  for  summer  use  only.  The  principal  objec- 
tion raised  to  the  use  of  exhaust  steam  has  been  the  higher  back- 
pressure required  on  the  engines,  resulting  in  a  loss  of  power  nearly 
proportional  to  the  ratio  of  the  back-pressure  to  the  mean  effective 
pressure.  There  are  two  ways  of  offsetting  this  loss— one,  by  raising 
the  initial  or  boiler  pressure;  and  the  other,  by  increasing  the  cut- 
off of  the  engine.  Engines'are  usually  designed  to  work  most  econom- 
ically at  a  given  cut-off,  so  that  in  most  cases  it  is  undesirable  to 
change  it  to  any  extent.  Raising  the  boiler  pressure,  on  the  other 
hand,  is  not  so  objectionable  if  the  increase  amounts  to  only  a  few 

pounds. 

Under  ordinary  conditions  in  the  case  of  a  simple  engine,  a  rise 
of  3  pounds  in  the  back-pressure  calls  for  an  increase  of  about  5 
pounds  in  the  boiler  pressure,  to  maintain  the  same  power  at  the 

engine. 

The  indicator  card  shows  a  back-pressure  of  about  2  pounds 
when  an  engine  is  exhausting  into  the  atmosphere,  so  that  an  increase 
of  3  pounds  would  bring  the  pressure  up  to  a  total  of  5  pounds  which 
should  be  more  than  sufficient  to  circulate  the  steam  through  any 
well-designed  heating  system. 

If  it  is  desired  to  reduce  rather  than  increase  the  back-pressure, 
one  of  the  so-called  vacuum  s^ystcms,  described  later,  can  be   used. 

The  svstems  of  steam  heating  which  have  been  described  are 
those  in  which  the  water  of  condensation  flows  back  into  the  boiler 
by  gravity.  Where  exhaust  steam  is  used,  the  pressure  is  much  below 
that  of  the  boiler,  and  it  must  be  returned  either  by  a  pump  or  by  a 
return  trap.  The  exhaust  steam  is  often  insufficient  to  supply  the 
entire  heating  system,  and  must  be  supplemented  by  live  steam  taken 
directlv  from  the  boiler.     This  must  first  pass  through  a  reducing 
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valve  in  order  to  reduce  the  pressure  to  correspond  with  that  carried 
in  the  heating  system. 

An  endne  does  not  dehver  steam  continuouslv,  but  at  res'ular 
intervals,  at  the  end  of  each  stroke;  and  the  amount  is  likely  to  vary 
with  the  work  done,  since  the  governor  is  adjusted  to  admit  steam  in 
such  a  quantity  as  is  required  to  maintain  a  uniform  speed.  If  the 
work  is  light,  very  little  steam  will  be  admitted  to  the  engine;  and 
for  this  reason  the  supply  available  for  heating  may  vary  somewhat, 
depending  upon  the  use  made  of  the  power  delivered  by  the  engine. 
In  mills  the  amount  of  exhaust  steam  is  practically  constant;  in 
office  buildings  where  power  is  used  for  lighting,  the  variation  is 
greater,  especially  if  power  is  also  required  for  the  running  of  elevators. 

The  general  requirements  for  a  successful  system  of  exhaust 
steam  heating  include  a  system  of  piping  of  such  proportions  that 
only  a  slight  increase  in  back-pressure  will  be  tlirown  upon  the  engine; 
a  connection  which  shall  automatically  supply  live  steam  at  a  reduced 
pressure  as  needed;  provision  for  removing  the  oil  from  the  exhaust 
steam ;  a  relief  or  back-pressure  valve  arranged  to  prevent  any  sudden 
increase  in  back  pressure  on  the  engine;  and  a  return  system  of  some 
kind  for  returning'  the  water  of  condensation  to  the  boiler  against 
a  higher  pressure.  These  requirements  may  be  met  in  various  ways, 
depending  upon  actual  conditions  found  in  different  cases. 

To  prevent  sudden  changes  in  the  back-pressure,  due  to  irregular 
supply  of  steam,  the  exhaust  pipe  from  the  engine  is  often  carried  to 
a  closed  tank  having  a  capacity  from  30  to  40  times  that  of  the  engine 
cylinder.  This  tank  may  be  provided  with  baffle-plates  or  other 
arrangements  and  may  serve  as  a  separator  for  removing  the  oil  from 
the  steam  as  it  passes  through. 

Any  system  of  piping  may  be  used;  but  great  care  should  be 
taken  that  as  little  resistance  as  possible  is  introduced  at  bends  and 
fittings ;  and  the  mains  and  branches  should  be  of  ample  size.  Usually 
the  best  results  are  obtained  from  the  system  in  which  the  main  steam 
pipe  is  carried  directly  to  the  top  of  the  building,  the  distributing  pipes 
being  run  from  that  point,  and  the  radiating  siu-faces  supplied  by  a 
down-flowing  current  of  steam. 

Before  taking  up  the  matter  of  piping  in  detail  a  few  of  the  more 
important  pieces  of  apparatus  will  be  described  in  a  brief  way. 

Reducing  Valves.    The  action  of  pressure-reducing  valves  has 
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been  taken  up  quite  fully  in  "Boiler  Accessories,"  and  need  not  be 
repeated  here.  "When  the  reduction  in  pressure  is  large,  as  in  the 
case  of  a  combined  power  and  heating  plant,  the  valve  may  be  one  or 
two  sizes  smaller  than  the  low-pressure  main  into  which  it  discharges. 
For  example,  a  5-inch  valve  will  supply  an  8-inch  main,  a  4-inch  a 
C-inch  main,  a  3-inch  a  5-inch  main,  a  !2i-inch  a  4-inch  main,  etc. 

For  the  smaller  sizes,  the  difference  should  not  be  more  than  one 
size.  All  reducing  valves  should  be  provided  with  a  valved  by-pass 
for  cutting  out  the  valve  in  case  of  repairs.  This  connection  is.  usually 
made  as  shown  in  plan  by  Fig.  112. 

Grease  Extractor.  ^Vhen  exhaust  steam  is  used  for  heating  pur- 
poses, it  must  first  be  passed  through  some  form  of  separator  for 
removing  the  oil ;  and  as  an  additional  precaution  it  is  well  to  pass  the 


ReOUCINE  ,  VALVE 


BY-PASS 

Fig.  112.    Connections  of  Reducing  Valve  in  Exhau.st-Steaiu  Heating  System. 

w^ater  of  condensation  through  a  separating  tank  before  returning  it  to 
the  boilers. 

Such  an  arrangement  is  shown  in  Fig.  113.  As  the  oil  collects 
on  the  surface  of  the  water  in  the  tank,  it  can  be  made  to  overflow 
into  the  sewer  by  closing  the  valve  in  the  connection  with  the  receiving 
tank,  for  a  short  time. 

As  much  of  the  oil  as  possible  should  be  removed  before  the 
steam  enters  the  pipes  and  radiators,  else  a  coating  will  be  formed  on 
their  inner  surfaces,  which  will  reduce  their  heating  eflriciencv.  The 
separation  of  the  oil  is  usually  effected  by  introducing  a  series  of 
baffling  plates  in  the  path  of  the  steam;  the  particles  of  oil  striking 
these  are  stopped,  and  thus  separated  from  the  steam.  The  oil  drops 
into  a  receiver  provided  for  this  purpose  and  is  discharged  through  a 
trap  to  the  sewer. 

In  the  separator,  or  extractor,  shown  in  Fig.  114,  the  separation  is 
accomplished  by  a  series  of  plates  placed  in  a  vertical  position  in  the 
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body  of  the  separator,  throujjh  which  the  steam  must  pass.  These 
plates  consist  of  upright  hollow  columns,  with  openings  at  regular 
intervals  for  the  admission  of  water  and  oil,  which  drain  downward 
to  the  receiver  below.  The  steam  takes  a  zigzag  course,  and  all  of 
it  comes  in  contact  with  the  intercepting  plates,  which  insures  a 
thorough  separation  of  the  oil  and  other  solifl  matter  from  the  steam. 
Another  form,  shown  in  Fig.  1 1.'),  gives  excellent  results,  and  has  the 
advantage  of  providing  an  ecjualizing  chamber  for  overcoming,  to 
some  extent,  the  unefpial  pressure  due  to  the  varying  load  on  the 
engine.  It  consists  of  a  tank  or  receiver  about  4  feet  in  diameter, 
with    heavv    boiler-iron   heads  slightlv    crowned    to    give  stiffness. 


0 
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Fig.  113.    Separator  for  Removiug  Oil  from  Exhaust  Steam  and  Water  Condensation. 

Through  the  center  is  a  layer  of  excelsior  (wooden  shavings  of  long 
fibre)  about  12  inches  in  thickness,  supported  on  an  iron  grating, 
with  a  similar  grating  laid  over  the  top  to  hold  it  in  place.  The 
steam  enters  the  space  below  the  excelsior  and  passes  upward,  as 
shown  by  the  arrows.  The  oil  is  caught  by  the  excelsior,  which  can 
be  renewed  from  time  to  time  as  it  becomes  saturated.  The  oil  and 
water  which  fall  to  the  bottom  of  the  receiver  are  carried  off  through 
a  trap.  Live  steam  may  be  admitted  through  a  reducing  valve,  for 
supplementing  the  exhaust  when  necessary. 

Back=Pressure  Valve.  This  is  a  form  of  relief  valve  which  is 
placed  in  the  outboard  exhaust  pipe -to  prevent  the  pressure  in  the 
heating  system  from  rising  above  a  given  point.     Its  office  is  the 
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reverse  of  the  reducing  valve,  which  suppHes  more  steam  when 
the  pressure  becomes  too  low.  The  form  shown  in  Fig.  11 G  is 
designed  for  a  vertical  pipe.  The  valve  proper  consists  of  two  discs 
of  unequal  area,  the  combined  area  of  which  equals  that  of  the  pipe. 
The  force  tending  to  open  the  valve  is  that  due  to  the  steam  pressure 
acting  on  an  area  equal  to  the  difference  in  area  between  the  two  discs; 
it  is  clear  from  the  cut  that  the 
pressure  acting  on  the  larger 
disc  tends  to  open  the  valve 
while  the  pressure  on  the  smal- 
ler acts  in  the  opposite  direc- 
tion. The  valve-stem  is  con- 
nected bv  a  link  and  crank 
arm  with  a  spindle  upon  which 
is  a  lever  and  w^eight  outside. 
As  the  valve  opens,  the  weight 
is  raised,  so  that,  by  placing  it 
in  different  positions  on  the 
lever  arm,  the  valve  will  open 
at  any  desired  pressure. 

Fig.  117  shows  a  different 
t}'pe,  in  which  a  spring  is  used 
instead  of  a  weight.  This 
valve  has  a  single  disc  moving;  RECEIVER 
in  a  vertical  direction.  The 
valve  stem  is  in  the  form  of  a 
piston  or  dash-pot  which  pre- 
vents a  too  sudden  movement 
and  makes  it  more  quiet  in 
its  action.  The  disc  is  held 
on  its  seat  against  the  steam 
pressure  by  a  lever  attached 
to  the  spring  as  shown.  When 
the  pressure  of  the  steam  on  the  underside  becomes  greater  than  the 
tension  of  the  spring,  the  valve  lifts  and  allows  the  steam  to  escape. 
The  tension  of  the  spring  can  be  varied  by  means  of  the  adjusting 
screw  at  its  upper  end. 

A   back-pressure  valve   is   simply   a   low-pressure   safety-valve 


DISCHARGE 


Fig.  114. 


Oil  Separator  Consisting  of  Vertical 
Plates  with  Openings  Giring  Steam  a 
Zigzag  Course. 
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designed  with  a  specially  large  opening  for  the  passage  of  steam 
through  it.  These  valves  are  made  for  horizontal  as  well  as  for 
vertical  pipes. 
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Fit^.  115.    Oil  Separator  Consisting  of  a  Tank  in  which  Steam  is  Filtered  by  Passing 
Upward  through  a  I^ayer  of  Kxeelsior. 

Exhaust  Head.  This  is  a  form  of  separator  placed  at  the  top 
of  an  outboard  exhaust  pipe  to  prevent  the  water  carried  up  in  the 
steam  from  falling  upon  the  roofs  of  buildings  or  in  the  street  below. 
Fig.  11 8. is  known  as  a  centrifugal  exhaust  head.     Tlie  steam,  on 

entering  at  the  bottom,  is  given  a 
whirlinij  or  rotarv  motion  bv  the 
spiral  deflectors;  and  the  water  is 
thrown  outward  by  centrifugal  force 
against  the  sides  of  the  chamber,  from 
which  it  flows  into  the  shallow  trough 
at  the  base,  and  is  carried  away  through 
the  drip-pipe,  wliich  is  brought  down 
and  connected  with  a  drain-pipe  in- 
side the  building.  The  passage  of  the 
steam  outboard  is  shown  by  the  arrows. 
Other  forms  are  used  in  which  the 
water  is  separated  from  the  steam  by 
deflectors  which  change  the  direction  of 
the  currents. 
Automatic  Return=Pumps.  In  exhaust  heating  plants,  the 
condensation  is  returned  to  the  boilers  by  means  of  some  form  of 
return-pump.     A  combined  pump  and  receiver  of  the  form  illus- 


Fig.  1 16.    Automatically  Acting  Back 
Pressure  Valve  Attached  to  Ver- 
tical Pipe.      For   Preventing 
Rise  of  Pressure  iu  System 
above   anv    Desired 
Po'int. 
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trated  in  Fig.  119  is  generally  used.  This  consists  of  a  cast-iron  or 
wrought-iron  tank  mounted  on  a  base  in  connection  with  a  boiler 
feed-pump.  Inside  the  tank  is  a  ball-float  connected  by  means  of 
levers  with  a  valve  in  the  steam  pipe  which  is  connected  with  the 
pump.  When  the  water-line  in  the  tank  rises  above  a  certain  level, 
the  float  is  raised  and  opens  the  steam  valve,  which  starts  the  pump. 
When  the  water  is  lowered  to  its  normal  level,  the  valve  closes  and 
the  pump  stops.  By  this  arrangement,  a  constant  water-line  is 
maintained  in  the  receiver,  and  the  pump  runs  only  as  needed  to  care 
for  the  condensation  as  it  returns  from  the  heating  system.  If  dry 
returns  are  used,  they  may  be  brought  together  and  connected  with 
the  top  of  the  receiver.     If  it  is  desired  to  seal  the  horizontal  runs,  as 


Pig.  117.    Back-Pressure  Valve  Automatic- 
ally Opt  rated  by  a  Spriug. 


Pig.  118.    Centrifugal  Exhaust  Head. 


is  usually  the  case,  the  receiver  may  be  raised  to  a  height  suflScient 
to  give  the  required  elevation  and  the  returns  connected  near  the 
bottom  below  the  water-line. 

A  balance-pipe,  so  called,  should  connect  the  heating  main  with 
the  top  of  the  tank,  for  equalizing  the  pressure;  otherwise  the  steam 
above  the  water  would  condense,  and  the  vacuum  thus  formed  would 
draw  all  the  water  into  the  tank,  leaving  the  returns  practically  empty 
and  thus  destroying  the  condition  sought.  Sometimes  an  inde- 
pendent regulator  or  pump  governor  is  used  in  place  of  a  receiver. 
One  type  is  shown  in  Fig.  120.     The  return  main  is  connected  at 
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the  upper  opening,  and  the  pump  suction  at  the  lower.  A  float  inside 
the  chamber  operates  the  steam  valve  shown  at  the  top,  and  the  pump 
works  automatically  as  in  the  case  just  described. 

If  it  is  desired  to  raise  the  water-line,  the  regulator  may  be 
elevated  to  the  desired  height  and  connections  made  as  shown  in 

Fig.  121. 

Return  Traps.     Tiie  principle  of   the  return  trap  has  been  de- 
scribed in  "Boiler  Accessories,"  but  its  practical  form  and  application 


Fig.  119.    Combinecl  Receiver  and  Automatic  Pump  for  Returulug  Water  of 

Coiideusatiou  to  Boiler. 

will  be  taken  up  Hvc.  The  type  shown  in  Fig.  1 22  has  all  its  working  • 
parts  outside  the  trap.  It  consists  of  a  cast-iron  bowl  pivoted  at  G  and 
H.  There  is  an  opening  through  G  connecting  with  the  inside  of 
the  bowl.  The  pipe  K  connects  through  C  with  an  interior  pipe 
opening  near  the  top  (see  Fig.  123).  The  pipe  D  connects  with  a 
receiver,  into  which  all  the  returns  are  brought,  yl  is  a  check-valve 
allowing  water  to  pass  through  in  the  direction  shown  by  the  arrow. 
£  is  a  pipe  connecting  with  the  boiler  below  the  water-line.     B  is  a 
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check  opening  toward  the  boiler,  and  K,  a  pipe  connected  with  the 
steam  main  or  drum. 

The  action  of  the  trap  is  as  fol- 
lows :  As  the  bowl  fills  with  water  from 
the  receiver,  it  overbalances  the 
weighted  lever  and  drops  to  the  bot- 
tom of  the  ring.  This  opens  the  valve 
C,  and  admits  steam  at  boiler  pres- 
sure to  the  top  of  the  trap.  Being  at 
a  higher  level  the  water  flows  by  grav- 
ity into  the  boiler,  through  the  pipe  E. 
Water  and  steam  are  kept  from  passing 
out  through  D  by  the  check  A. 

^Yhen  the  trap  has  emptied  it- 
self, the  weight  of  the  ball  raises  it 
to  the  original  position,  which  movement  closes  the  valve  C  and  opens 
the  small  vent  F.  The  pressure  in  the  bowl  being  relieved,  water 
flows  in  from  the  receiver  through  D,  until  the  trap  is  filled,  when  the 

n 
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Fig 


,.  120.    Automatic  Float-Operated 
Pump  Governor  Used  instead 
of  a  Receiver. 


Fig.  131.    Pump  Regulator  Placed  at  Sufficient  Height  to  Raise  Water-Line  to 

Point  Desired. 

process  is  repeated.     In  order  to  work  satisfactorily,  the  trap  should 
be  placed  at  least  3  feet  above  the  water-level  in  the  boiler,  and  the 
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pressure  in  the  returns  must  always  be  sufficient  to  raise  the  water 
from  the  receiver  to  the  trap  against  atmosplieric  pressure,  which  is 
theoretically  about  1  pound  for  every  2  feet  in  height.  In  practice 
there  will  be  more  or  less  friction  to 
overcome,  and  suitable  adjustments  must 
be  made  for  each  particular  case. 

Fig.  124  shows  another  form  of  trap 
acting  upon  the  same  principle,  except 
that  in  this  case  the  steam  valve  is  oper- 
ated by  a  bucket  or  float  inside  the  trap. 
The  pipe  connections  are  practically  the 
same  as  with  the  trap  jus.t  described. 

Return  traps   are   more    commonly 
used  in  smaller  plants  where  it  is  desired   p^^  122.  Return  Trap  ^vith  work- 
to  avoid  the  expense  and  care  of  a  pump.         _  ^"^  ^-"^"^  ^-^^^'•^^^^• 

Damper=Regulators.  Every  heating  and  every  power  plant 
should  be  provided  with  automatic  means  for  closing  the  dampers 
when  the  steam  pressure  reaches  a  certain  point,  and  for  opening 
them  again  when  the  pressure  drops.  There  are  various  regulators 
designed  for  this  purpose,  a  simple  form  of  which  is  shown  in  Fig.  125. 

Steam  at  boiler  pres- 
sure is  admitted  beneath  a 
diaphragm  which  is  bal- 
anced by  a  weighted  lever. 
When  the  pressure  rises  to  a 
certain  point,  it  raises  the 
lever  slightly  and  opens  a 
valve  which  admits  water 
inider  pressure  above  a  dia- 
phragm located  near  the 
smoke-pipe.  This  action 
forces  down  a  lover  con- 
nected by  chains  with  the 

Fig.  123.    Showing  interior  DetaiT^  Return  Trap    damper,    and     closeS     it. 

of  Fig.  122.  When   the   steam   pressure 

drops,  the  water-valve  is    closed,    and    the    different    j^arts    of    the 
apparatus  take  their  original  positions. 

Another  form  similar  in  principle  is  shown  in  Fig.  12G.     In  this 
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case  a  piston  is  operated  by  the  water-pressure,  instead  of  a  diaphra_^m. 
In  both  types  the  pressures  at  which  the  damper  shall  open  and  close 
are  regulated  by  suitable  adjustments  of  the  weights  upon  the  levers. 
Pipe  Connections.  The  method  of  making  the  pipe  connections 
in  any  particular  case  will  depend  upon  the  general  arranc^ement 
of  the  apparatus  and  the  various  conditions.     Fig.    127  illustrates 
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Fig.  Ii4.    Return  Trap  with  Steam  Vulve  Operated  by  Bucket  or  Float  Inside. 

the  general  principles  to  be  followed,  and  by  suitable  changes  may  be 
used  as  a  guide  in  the  design  of  ne\*  systems. 

Steam  first  passes  from  the  boilers  into  a  large  drum  or  header. 
From  this,  a  main,  provided  with  a  shut-off  valve,  is  taken  as  shown ; 
one  branch  is  carried  to  the  engines,  while  another  is  connected  with 
the  heating  system  through  a  reducing  valve  having  a  by-pass  and 
cut-out  valves.  The  exhaust  from  the  enjjines  connects  with  the  laro-e 
main  over  the  boilers  at  a  point  just  above  the  steam  drum.     The 
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branch  at  the  right  is  carried  outboard  through  a  back-pressure 
valve  which  may  be  set  to  carry  any  desired  pressure  on  the  system. 
The  other  l)ranch  at  the  left  passes  through  an  oil  separator  into  the 
heating  svstem.  The  connections  between  the  mains  and  radiators 
are  made  in  the  usual  wav,  and  the  main  return  is  carried  back  to  the 
return  pump  near  the  floor.  A  false  water-line  or  seal  is  obtained  by 
elevating  the  pimip  regulator  as  already  described.     An  equalizing 
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Fig.  12.5.    Simple  Form  of  Automatic  Damper-Kegtilator.  Operated  by  Lever  Attached  to 
Diaphragm,  for  Closing  Dampers  when  Steam  Pressure  Reaches  a  Certain  Point. 


or  balance  pipe  connects  the  top  of  the  regulator  with  the  low-pressure 
heating  main,  and  high  pressure  is  supplied  to  the  pump  as  shown. 

A  sight-feed  lubricator  should  be  placed  in  this  pipe  above  the 
automatic  valve;  and  a  valved  by-pass  should  be  placed  around  the 
regulator,  for  running  the  pump  in  case  of  accident  or  repairs.  The 
oil  separator  should  be  drained  through  a  special  oil  trap  to  a  catch- 
basin  or  to  tiie  sewer;  and  the  steam  drum  or  any  other  low  points 
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or  pockets  in  the  high-pressure  piping  should  be  dripped  to  the 
return  tank  through  suitable  traps. 

INIeans  should  be  provided  for  draining  all  parts  of  the  system 
to  the  sewer,  and  all  traps  and  special  apparatus  should  be  by-passed. 
The  return -pump  should  always  be  duplicated  in  a  plant  of  any  size, 
as  a  safeguard  against  accident;  and  the  two  pumps  should  be  run 
alternately,  to  make  sure  that  one  is  always  in  working  order.- 


.-,  .A  -  .  .J. 
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Fig.  126.    Automatic  Damper-Regulator  Operated  by  Piston  Actuated 

by  Water-Pressure. 


One  piece  of  apparatus  not  shown  in  Fig.  127  is  the  feed-water 
heater.  If  all  of  the  exhaust  steam  can  be  utilized  for  heating  pur- 
poses, this  is  not  necessary,  as  the  cold  water  for  feeding  the  boilers 
may  be  discharged  into  the  return  pipe  and  be  pumped  in  with  the 
condensation.  In  summertime,  however,  when  the  heating  plant  is 
not  in  use,  a  feed-water  heater  is  necessary,  as  a  large  amount  of  heat 
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which  would  otherwise  be  wasted  may  be  saved  in  this  way.  The 
connections  will  depend  somewhat  upon  the  form  of  heater  used: 
but  in  general  a  single  connection  with  the  heating  main  inside  the 
back-pressure  valve  is  all  that  is  necessary.  The  condensation  from 
the  heater  should  be  trapped  to  the  sewer. 
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VACUUM  SYSTEMS 

Low=Pressure  or  Vacuum  Systems.  In  the  systems  of  steam 
heating  which  have  been  described  up  to  this  point,  the  pressure 
carried  has  always  been  above  that  of  the  atmosphere,  and  the  action 
of  gravity  has  been  depended  upon  to  carry  the  water  of  condensation 
back  to  the  boiler  or  receiver;  the  air  in  the  radiators  has  been  forced 
out  through  air-valves  by  the  pressure  of  steam  back  of  it.  Methods 
will  now  be  taken  up  in  which  the  pressure  in  the  heating  system  is 
less  than  the  atmosphere,  and  where 
the  circulation  throutyh  the  radiators  is 
produced  by  suction  rather  than  by 
pressure.  Systems  of  this  kind  have 
several  advantages  over  the  ordinary 
methods  of  circulation  under  pressure. 
First — no  back-pressure  is  produced 
at  the  engines  when  used  in  connection 
with  exhaust  steam ;  but  rather  there 
will  be  a  reduction  of  pressure  due  to 
the  partial  vacuum  existing  in  the  radia- 
tors. Second  —  there  is  a  complete 
removal  of  air  from  the  coils  and 
radiators,  so  that  all  portions  are 
steam-filled  and  available  for  heating 
purposes.  Third — there  is  complete  drainage  through  the  returns, 
especially  those  having  long  horizontal  runs;  and  there  is  absence  of 
water-hammer.  Fourth  —  smaller  return  pipes  may  be  used. 
The  two  older  systems  of  this  kind  in  common  use  are  known  as  the 
Webster  and  Paul  systems ;  other  systems  of  recent  introduction  are 
described  in  the  Instruction  Paper  on  Steam  and  Hot-Water  Fitting. 

Webster  System.  This  consists  primarily  of  an  automatic  outlet- 
valve  on  each  coil  and  radiator,  connected  with  some  form  of  suction 
apparatus  such  as  a  pump  or  ejector.     One  type  of  valve  used  is 


Pig.  128,    Air  Outlet- Valve  for  Radi- 

Tttor,  Automatically  Operated  by 

Expansion  and  Contraction 

of  Vulcanite  Stem. 
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FijJC.    129.      Thermostat     At- 

t ached  to  Angle- Valve  with 

Top  Removed. 


shown  in  section  in  Fig.  128,  which  replaces  the  usual  hand-valve  at 
the  return  end  of  the  radiator.  It  is  similar  in  construction  to  some 
of  the  air-valves  already  described,  consisting  of  a  rubber  or  vulcanite 
stem  closing  against  a  valve  opening  when 
made  to  expand  by  the  presence  of  steam. 
When  water  or  air  fills  the  valve,  the  stem 
contracts  and  allows  it  to  be  sucked  out 
as  shown  by  the  arrows.  A  perforated 
metal  strainer  surrounds  the  stem  or  ex- 
pansion piece,  to  prevent  dirt  and  sediment 
from  clogging  the  valve. 

Fig.  129  shows  the  valve — or  thermostat, 
as  it  is  called — attached  to  an  ordinary 
angle-valve  with  the  top  removed ;  and  Fig. 
130  indicates  the  method  of  draining  the 
bottoms  of  risers  or  the  ends  of  mains. 

Fig.  131  shows  another  form  of  this 
valve,  called  a  water-seal  motor.  This  is 
used  under  practically  the  same  conditions 
as  the  one  described  above.     Its  action  is  as  follows : 

Ordinarily,  the  seal  A  is  down,  and  the  central  tube-yalve  is 
resting  upon  the  seat,  closing  the  port  K  and  preventing  direct  com- 
munication between  the  interior  of 
the  motor-body  E  and  the  outlet 
L.  The  outlet  is  attached  to  a  pipe 
leading  to  a  vacuum-pump,  or 
other  draining  apparatus,  which 
exhausts  the  space  F  above  the  seal 
through  the  annular  space  between 
the  spindle  B  and  the  inside  of  the 
central  tube  G.  The  water  of 
condensation,  accumulating  in  the 
radiator  or  coil,  passes  into  the 
chamber  E,  through  the  inlet  C,  rises  in  the  chamber,  and  seals  the 
space  between  the  seal-shell  A  and  the  sleeve  of  the  bonnet  D.  The 
differential  pressure  thus  created  causes  the  seal  A  to  rise,  lifting  the 
end  of  the  central  tube  off  the  seat,  thus  opening  a  clear  passageway 
for  the  ejection  of  the  water  of  condensation. 


NO 


DTop  Leg 

Fig.  130.      Showing  Method  of  Draining 

Bottoms  of  Risers  or  Ends 

of  Mains. 
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^Vhen  all  the  water  of  condensation  has  been  drawn  out  of  the 
radiator,  the  seal  and  tube  are  reseated  by  gravity,  thus  closing  the 
port  K,  preventing  waste  or  loss  of  steam;  and  the  pressure  is  equal- 
ized above  and  below  the  seal  because  of  the  absence  of  water.  This 
action  is  practically  instantaneous.  \Mien  the  condensation  is  small 
in  quantity,  the  discharge  is  intermittent  and  rapid. 

The  space  between  the  seal  .1  and  the  sleeve  of  the  bonnet  D, 
and  the  annular  space  between  the  central  tube  G  and  the  spindle  B, 


Fig.  131.    Water-Seal  Motor. 

form  a  passageway  through  which  the  air  is  continually  withdrawn  by 
the  vacuum  pump  or  other  draining  apparatus. 

The  action  outlined  continues  as  long  as  water  is  present. 

Xo  adjustment  whatever  is  necessary;  the  motor  is  entirely  auto- 
matic. 

One  special  advantage  claimed  for  this  system  is  that  the  amount 
of  steam  admitted  to  the  radiators  may  be  regulated  to  suit  the  require- 
ments   of    outside    temperature;    and    is    possible   without   water- 
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logging  or  hammering.  This  may  be  done  at  will  by  closing  down  on 
the  inlet  supply  to  the  desired  degree.  The  result  is  the  admission 
of  a  smaller  amount  of  steam  to  the  radiator  than  it  is  calculated  to 
j?ondense  normally.  The  condensation  is  removed  as  fast  as  formed, 
by  the  opening  of  the  thermostatic  valve. 

The  general  application  of  this  system  to  exhaust  heating  is 
shown  in  Fig.  132.  Exhaust  steam  is  brought  from  the  engine  as 
shown;  one  branch  is  connected  with  a  feed-water  heater,  while  the 
other  is  carried  upward  and  through  a  grease  extractor,  where  it 
branches  again,  one  line  leading  outboard  through  a  back-pressure 
valve  and  the  other  connecting  with  the  heating  main.  A  live  steam 
connection  is  made  through  a  reducing  valve,  as  in  the  ordinary 
system.  Valved  connections  are  made  with  the  coils  and  radiators 
in  the  usual  manner;  but  the  return  valves  are  replaced  by  the  special 
thermostatic  valves  described  above. 

The  main  return  is  brought  down  to  a  vacuum  pump  which  dis- 
charges into  a  return  tank,  where  the  air  is  separated  from  the  water 
and  passes  off  through  the  vapor  pipe  at  the  top.  The  condensation 
then  flows  into  the  feed-water  heater,  from  which  it  is  automatically 
pumped  back  into  the  boilers.  The  cold-water  feed  supply  is  con- 
nected with  the  return  tank,  and  a  small  cold-water  jet  is  connected 
into  the  suction  at  the  vacuum  pump  for  increasing  the  vacuum  in  the 
heating  system  by  the  condensation  of  steam  at  this  point. 

Paul  S}stem.  In  this  svstem  the  suction  is  connected  with  the 
air-valves  instead  of  the  returns,  and  the  vacuum  is  produced  by 
means  of  a  steam  ejector  instead  of  a  pump.  The  returns  are  carried 
back  to  a  receiving  tank,  and  pumped  back  to  the  boiler  in  the  usual 
manner.     The  ejector  in  this  case  is  called  the  exhauster. 

Fig.  133  shows  the  general  method  of  making  the  pipe  connections 
with  the  radiators  in  this  system;  and  Fig.  134,  the  details  of  connec- 
tion at  the  exliauster. 

A  A  are  the  returns  from  the  air-valves,  and  connect  with  the 
exhausters  as  shown.  Live  steam  is  admitted  in  small  quantities 
through  the  valves  B  B ;  and  the  mixture  of  air  and  steam  is  discharged 
outboard  through  the  pipe  C.  D  D  are  gauges  showing  the  pressure 
in  the  svstem;  and  E  E  are  check-valves.  The  advantage  of  this 
system  depends  principally  upon  the  quick  removal  of  air  from  the 
various  radiators  and  pipes,  which  constitutes  the  principal  obstruction 
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to  circulation;  the  inductive  action  in  many  cases  is  sufficient  to  cause 
the  system  to  operate  somewhat  below  atmospheric  pressure. 

Where  exhaust  steam  is  used  for  heating,  the  radiators  should 


PAUL    SYSTEM  OT  HEATIN9 


Fig.  133.    Showing  General  Method  of  Making  Pipe  and  Radiator  Connections  in 

Paul  System. 


be  somewhat  increased  in  size,  owing  to  the  lower  temperature  of 
the  steam.  It  is  common  practice  to  add  from  20  to  30  per  cent  to 
the  sizes  required  for  low-pressure  live  steam. 
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FORCED  BLAST 

In  a  system  of  forced  circulation  by  means  of  a  fan  or  blower 
the  action  is  positive  and  practically  constant  under  all  usual  con- 
ditions of  outside  temperature  and  wind  action.     This  gives  it  a 
decided  advantage  over  natural  or  gravity  methods,  which  are  af- 


3  3 

Fig.  134.    Details  of  Connections  at  Exhauster,  Paul  System. 

fected  to  a  greater  or  less  degree  by  changes  in  wind-pressure,  and 
makes  it  especially  adapted  to  the  ventilation  and  warming  of  large 
buildings  such  as  shops,  factories,  schools,  churches,  halls,  theaters, 
etc.,  where  large  and  definite  air-quantities  are  required. 

Exhaust   Method.    This  consists  in  drawing  the  air  out  of  a 
building,  and  providing  for  the  heat  thus  carried  away  by  placing 
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steam  coils  under  windows  or  in  other  positions  where  the  inward 
leakage  is  supposed  to  be  the  greatest.  When  this  method  is  used,  a 
partial  vacuum  is  created  within  the  building  or  room,  and  all  currents 
and  leaks  are  inward ;  there  is  nothing  to  govern  definitely  the  quality 
and  place  of  introduction  of  the  air,  and  it  is  difficult  to  provide  suit- 
aV)le  means  for  warming  it. 

Plenum  Method.  In  this  case  the  air  is  forced  into  the  building, 
and  its  quality,  temperature,  and  point  of  admission  are  completely 
under  control.  All  spaces  are  filled  with  air  under  a  slight  pressure, 
and  the  leakage  is  outward,  thus  preventing  the  drawing  of  foul  air 
into  the  room  from  any  outside  source.  But  above  all,  ample  oppor- 
tunity is  given  for  properly  warming  the  air  by  means  of  heaters, 
either  in  direct  connection  with  the  fan  or  in  separate  passages  leading 
to  the  various  rooms. 

Form  of  Heating  Surface.  The  best  type  of  heater  for  any 
particular  case  will  depend  upon  the  volume  and  final  temperature 
of  the  air,  the  steam  pressure,  and  the  available  space.  ^Yhen  the 
air  is  to  be  heated  to  a  high  temperature  for  both  warming  and  venti- 
lating a  building,  as  in  the  case  of  a  shop  or  mill,  heaters  of  the  general 
form  shown  in  Figs.  135,  136,  and  137  are  used.  These  may  also  be 
adapted  to  all  classes  of  work  by  varying  the  proportions  as  required. 
They  can  be  made  shallow  and  of  large  superficial  area,  for  the  com- 
paratively low  temperatures  used  in  purely  ventilating  work;  or 
deeper,  with  less  height  and  breadth,  as  higher  temperatures  are 
required. 

Fig.  135  shows  in  section  a  heater  of  this  type,  and  illustrates 
the  circulation  of  steam  through  it.  It  consists  of  sectional  cast-iron 
bases  with  loops  of  wrought-iron  pipe  connected  as  shown.  The 
steam  enters  the  upper  part  of  the  bases  or  headers,  and  passes  up 
one  side  of  the  loops,  then  across  the  top  and  down  on  the  other  side, 
where  the  condensation  is  taken  off  through  the  return  drip,  which 
is  separated  from  the  inlet  by  a  partition.  These  heaters  are  made 
up  in  sections  of  2  and  4  rows  of  pipes  each.  The  height  varies  from 
32  to  9  feet,  and  the  v/idth  from  3  feet  to  7  feet  in  the  standard  sizes. 
They  are  usually  made  up  of  1-inch  pipe,  although  1  |-inch  is  commonly 
used  in  the  larger  sizes.  Fig.  13C  shows  another  form;  in  this  case 
all  the  loops  are  made  of  practically  the  same  length  by  the  special 
form  of  construction  shown.     This  is  claimed  to  prevent  the  short- 
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circuiting  of  steam  througli  the  shorter  loops,  which  causes  the  outer 
pipes  to  remain  cold.     This  form  of  heater  is  usually  encased  in  a 


din  


Fig.  135.    Showing  Cii'culation  of  Steam  in  Large  Coil-Pipe  Radiator  for 
Heating  Mills,  Shops,  etc. 

sheet-steel  housing  as  shown  in  Fig.  137,  but  may  be  supported  on  a 
foundation  between  brick  walls  if  desired. 
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Fig.  138  shows  a  special  form  of  heater  particularly  adapted  to 
ventilating  work  where  the  air  does  not  have  to  be  raised  above  70  or 
SO  degrees.     It  is  made  up  of  l-inch  wrought-iron  pipe  connected 
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with  supply  and  return  headers;  each  section  contains  14  pipes,  and 
they  are  usually  made  up  in  groups  of  5  sections  each.  These  coils 
are  supported  upon  tee-irons  resting  upon  a  brick  foundation.     Heat- 
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ers  of  this  form  are  usually  made  to  extend  across  the  side  of  a  room 
with  brick  walls  at  the  sides,  instead  of  being  encased  in  steel  housings. 

FiiT.  139  shows  a  front  view  of  a  cast-iron  sectional  heater  for 
use  under  the  same  conditions  as  the  pipe  heaters  already  described. 
This  heater  is  made  up  of  several  banks  of  sections,  like  the  one  shown 
in  the  cut,  and  enclosed  in  a  steel-plate  casing. 

Cast-iron  indirect  radiators  of  the  pin  type  are  well  adapted  for 
use  in  connection  with  mechanical  ventilation,  and  also  for  heating 


Fig.  137.    Large  Coil-Pipe  Radiator  Encased  in  Sheet-Steel  Housing. 

where  the  air-volume  is  large  and  the  temperature  not  too  high,  as 
in  churches  and  halls.  They  make  a  convenient  form  of  heater  for 
schoolhouse  and  similar  work,  for,  being  shallow,  they  can  be  sup- 
ported upon  I-beams  at  such  an  elevation  that  the  condensation  will  be 
returned  to  the  boilers  by  gravity. 

In  the  case  of  vertical  pipe  heaters,  the  bases  are  below  the  water- 
line  of  the  boilers,  and  the  condensation  must  be  returned  by  the  use 
of  pumps  and  traps. 
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Efficiency  of  Pipe  Heaters.  The  efficiency  of  the  heaters  used  in 
connection  with  forced  blast  varies  greatly,  depending  upon  the 
temperature  of  the  entering  air,  its  velocity  between  the  pipes,  the 
temperature  to  which  it  is  raised,  and  the  steam  pressure  carried  in 
the  heater.  The  general  method  in  which  the  heater  is  made  up  is 
also  an  important  factor. 

In  designing  a  heater  of  this  kind,  care  must  be  taken  that  the 
free  area  between  the  pipes  is  not  contracted  to  such  an  extent  that 
an  excessive  velocity  will  be  required  to  pass  the  given  (juantity  of 


A/R  valve:  ^ 

PLAN  AT  SUPPLY  e/VO 


FRONT  V/EW 


S/D£      V/EW 


Fig.  i:!8.    Heater  Especially  Adapted  to  Ventilation  where  Air  does  not  Have  to 

above  70  to  80  degrees  F. 


be  Heated 


air  through  it.  In  ordinary  work  it  is  customary  to  assume  a  velocity 
of  SOO  to  1,000  feet  per  minute;  higher  velocities  call  for  a  greater 
pressure  on  the  fan,  which  is  not  desirable  in  ventilating  work. 

In  the  heaters  shown,  about  .4  of  the  total  area  is  free  for  the 
passage  of  air;  that  is,  a  heater  5  feet  wide  and  6  feet  high  would 
have  a  total  area  of  5X0=  30  s(iuare  feet,  and  a  free  area  between 
the  pipes  of  30  X  •  4  =  12  square  feet.  The  ilepth  or  number  of  rows 
of  pipe  does  not  affect  the  free  area,  although  the  friction  is  increased 
and  additional  work  is  thrown  upon  the  fan.     The  efficiency  in  any 
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given  heater  will  be  increased  by  increasing  the  velocity  of  the  air 
through  it;  but  the  final  temperature  will  be  diminished;  that  is, 
a  larger  quantity  of  air  Avill  be  heated  to  a  lower  temperature  in  the 
second  case,  and,  while  the  total  heat  given  off  is  greater,  the  air- 
quantity  increases  more  rapidly  than  the  heat-quantity,  which  causes 
a  drop  in  temperature. 

Increasing  the  number  of  rows  of  pipe  in  a  heater,  with  a  con- 
stant air-(|uantity,  increases  the  final  temperature  of  the  air,  but 
diminishes  the  efficiency  of  the  heater,  because  the  average  difference 
in  temperature  between  the  air  and  the  steam  is  less.  Increasing 
the  steam  pressure  in  the 
heater  (and  consequently  its 
temperature)  increases  both 
the  final  temperature  of  the 
^ir  and  the  efficiency  of  the 
heater.  Table  XXX  has  been 
prepared  from  different  tests, 
and  may  be  used  as  a  guide 
in  computing  probable  results 
under  ordinary  working  con- 
ditions. In  this  table  it  is 
assumed  that  the  air  enters 
the  heater  at  a  temperature  of 
zero  and  passes  between  the 
pipes  with  a  velocity  of  800 
feet  per  minute.  Column  1 
gives  the  number  of  rows  of 
pipe  in  the  heater,  ranging 
from  4  to  20  rows;  and  columns  2,  3,  and  4,  show  the  final  tempera- 
ture to  which  the  entering  air  will  be  raised  from  zero  under  various 
pressures.  Under  5  pounds  pressure,  for  example,  the  rise  in  tem- 
perature ranges  from  30  to  140  degrees;  under  20  pounds,  35  to  150 
degrees;  and  under  60  pounds,  45  to  170  degrees.  Columns  5,  6,  and 
7  give  approximately  the  corresponding  efficiency  of  the  heater.  For 
example,  air  passing  through  a  heater  10  pipes  deep  and  carrying  20 
pounds  pressure,  will  be  raised  to  a  temperature  of  90  degrees,  iind 
the  heater  will  have  an  efficiency  of  1,650  B.  T.  U.  per  square  foot  of 
surface  per  hour. 


Fig.  139.    Front  View  of  Cast-Iron  Sectional 
Heater.    The  Banks  of  .Sections  are  Ku- 
clo-sed  in  a  Steel-Plate  Casing. 
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TABLE  XXX 

Data  Concerning  Pipe  Heaters 

Temperature  of  entering  air,  zero. — Velocity  of  air  between  the  pipes, 

800  feet  per  minute. 


Te.mperatureto  which  Air  will  Efficiency  of  Heating  Surface  inB.T.U. 
BE  Raised  from  Zero  ,  per  Square  Foot  per  Hour 


Rows  OF 
Pipe  Deep         Steam  Pressure  in  Heater 


Steam  Pressure  in  Heater 


4 
6 
8 
10 
12 
14 
16 
18 
20 


5  lbs. 

20  lbs. 

60  lbs. 

30 

35 

45 

50 

55 

65   1 

65 

70 

85 

80 

90 

105 

95 

105 

125 

105 

120 

140 

120 

130 

150 

130 

140 

160 

140 

150 

170   1 

5  lbs. 


1,600 
1.600 
1.500 
1,.500 
1.500 
1 .400 
1.400 
1.300 
1,300 


20  lbs. 


60  lbs. 


1,800 
1,800 
1,650 
1.650 
1,6.50 
1,500 
1,500 
1.400 
1,400 


2,000 
2,000 
1,850 
1,850 
1 ,8.50 
1,700 
1.700 
1,600 
1,600 


For  a  velocity  of  1,000  feet,  multiply  the  fcmperafurc.s-  given  in 
the  table  by  .  9,  and  the  efficiencies  by  1.1. 

Example.  How  manj'  square  feet  of  radiation  will  be  required  to  raise 
600,000  cubic  feet  of  air  per  hour  from  zero  to  80  degrees,  with  a  velocity 
through  the  heater  of  800  feet  per  minute  and  a  steam  pressure  of  5  pounds? 
What  must  be  the  total  area  of  the  heater  front,  and  how  manj'  rows  of 
pipe's  must  it  have? 

Referring  back  to  the  formula  for  heat  reijuired  for  ventilation, 
we  have 

600,000  X  80 


oo 


=  872,727  B.  T.  U.  required. 


Referring  to  Table  XXX,  Ave  find  that  for  the  above  conditions  a 
heater  10  pipe.s  deep  is  required,  and  that  an  efficiency  ».»f  1,500 

B.  T.  U.  will    be  obtained.     Then  ^'^'—    =   582  square  feet  of 

IjOOO 

surface  required,  which  may   be   taken  as  600  in   round  numbers. 

600,000       .„^„„       I-     f    .     f     •  •     +  ,10,000     ,     ^  , 

• =  10,000  cubic  leet  or  air  per  minute:  and  -—777—   =  12.o 

60  i^  '  §00 

square  feet  of  free  area  required  through  the  heater.     If  we  assume 
.4  of  the  total  heater  front  to  be  free  for  the  passage  of  air,  then 

12.5 

— '—   =  31  s({uare  feet,  the  total  area  required. 
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For  convenience  in  estimating  the  approximate  dimensions  of 
a  heater,  Table  XXXI  is  given.  The  standanl  heaters  made  bv  dif- 
ferent manufacturers  vary  somewhat,  but  the  dimensions  given  in 
the  table  represent  average  practice.  Column  3  gives  the  square 
feet  of  heating  surface  in  a  single  row  of  pipes  of  the  dimensions  given 
in  columns  1  and  2;  and  column  4  gives  the  free  area  between  the 
pipes. 

TABLE    XXXI 

Dimensions  of  Heaters 


Width  of  Sectio.v 

Height  of  Pipes 

Square  Feet  of 

'Free   Area  through 

1 

Surface 

Heater  ix  Sq.  Ft. 

3  feet 

3  feet  6  inches 

20 

4.2 

3     • 

4     "     0       •• 

22 

4.S 

3    •■ 

4     •'     6       •• 

25 

5.4 

3    •• 

.5     ■•     0       " 

28 

GO 

4    •• 

4     ••     G       •• 

34 

7.2 

4    •■ 

5     ••     0       ■• 

38 

8.0 

4      • 

5     ••     6 

42 

8.8 

4     •■ 

6     ••     0 

45 

9.6 

5    ■■ 

o     ■•     G       •• 

52 

11.0 

o    ■■ 

G     "     0       " 

57 

12.0 

o    ■■ 

6     •■     6       " 

62 

13.0 

5    ■' 

7     ••     0       " 

67 

14.0 

6     •• 

6     '•     6       •• 

75 

15.6 

6    " 

7     "     0        • 

81 

16.8 

6    " 

7-6       •■ 

87 

18.0 

6    " 

8     ■■     0       " 

92 

19.2 

( 

7     ••     G       " 

9S 

21.0 

1 

8     ■■    0       " 

lOS 

22.4 

7    •' 

8     '•     6       •' 

109 

23.8 

7    " 

9     "    0 

116 

25.2 

In  calculating  the  total  height  of  the  heater,  add  1  foot  for  the 
base. 

These  sections  are  made  up  of  1-inch  pipe,  except  the  last  or 
7-foot  sections,  which  are  made  of  IJ-inch  pipe. 

Using  this  table  in  connection  with  the  example  just  given,  we 
should  look  in  the  last  column  for  a  section  having  a  free  area  of  12.5 
square  feet ;  here  we  find  that  a  5  feet  by  6  feet  6  inches  section  has  a 
free  opening  of  13  square  feet  and  a  radiating  surface  of  62  square 
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feet.  The  conditions  call  for  10  rows  of  pipes  and  10  X  62  =  620 
scjuare  feet  of  radiating  surface,  which  is  slightly  more  than  called  for, 
but  which  would  be  near  enough  for  all  practical  purposes. 

EXAMPLE  FOR  PRACTICE 

Compute  the  dimensions  of  a  heater  to  warm  20,000  cubic  feet 
of  air  per  minute  from  10  below  zero  to  70  degrees  above,  with  5 
pounds  steam  pressure. 

Ans.    1,164  sq.  ft.  of  rad.  surface  10  pipes  deep. 
25  sq.  ft.  free  area  through  heater. 

Use  twenty  5  ft.  by  6  ft.  sections,  side  by  side,  which  gives  24 
square  feet  area  and  1,140  square  feet  of  surface. 

The  general  method  of  computing  the  size  of  heater  for  any  given 

building  is  the  same  as  in  the  case  of  indirect  heating.     First  obtain 

the  B.  T.  U.  required  for  ventilation,  and  to  that  add  the  heat  loss 

through  walls,  etc.;  and  divide  the  result  by  the  efficiency  of  the 

heater  under  the  given  conditions. 

Exam'ple.  An  audience  hall  is  to  be  provided  with  400,000  cubic  feet 
of  air  per  hour.  The  heat  loss  through  walls,  etc.,  is  250,000  B.T.U.  per 
hour  in  zero  weather.  What  will  be  the  size  of  heater,  and  liow  many  rows 
of  pipe  deep  must  it  be,  with  20  pounds  steam  pressure? 

400,000  X  70       ,„„  ..,,,.  ^  ,,.  ..  .  .,    . 

=  509,tH)0  n.  i.  I  .  tor  ventilation. 

55 

Therefore  250,000  +  509,090  =  759,090  B.  T.  U.,  total  to  be  supplied. 

We  must  next  find  to  what  temperature  the  entering  air  must 
be  raised  in  order  to  bring  in  the  required  amount  of  heat,  so  that  the 
number  of  rows  of  pipe  in  the  heater  may  be  obtained  and  its  corre- 
sponding efficiency  determined.  We  have  entering  the  room  for  pur- 
poses of  ventilation,  400,000  cubic  feet  of  air  every  hour,  at  a  tempera- 
ture of  70  degrees;  and  the  problem  now  becomes:  To  what  tem- 
perature must  this  air  be  raised  to  carry  in  250,000  B.  T.  U.  additional 
for  warming? 

We  have  learned  that  1  B.  T.  U.  will  raise  55  cubic  feet  of  air 
1  degree.  Then  250,000  B.  T.  V.  will  raise  250,000  X  55  cubic 
feet  of  air  1  degree. 

250,000  X  55  _  34    , 

4oo7ooo 

The  air  in  this  case  must  be  raised  to  70  +  34  =  104  degrees,  to  provide 
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for  boih  ventilation  and  warming.  Referring  to  Tal:>le  XXX,  we  find 
that  a  heater  12  pipes  deep  will  he  required,  and  that  the  corre- 
sponding efficiency  of  the  heater  will  be  1 ,650  B  T  V      Then  1^'^ 

1,650 
=  460  .s(|uare  feet  of  surface  recjuired. 

Efficiency  of  Cast=Iron  Heaters.  Heaters  made  up  of  indirect 
pm  radiators  of  the  usual  depth,  have  an  efficiency  of  at  least  1,500 
B.  T.  U.,  with  steam  at  10  pounds  pressure,  and  are  easily  capable  of 
•  warming  air  from  zero  to  SO  degrees  or  over  when  computed  on  this 
basis.  The  free  space  between  the  sections  bears  such  a  relation  to 
the  heating  surface  that  ample  area  is  provided  for  the  flow  of  air 
through  the  heater,  without  producing  an  excessive  velocity. 

The  heater  shown  in  Fig.  139  may  be  counted  on  for  an  eflfi- 
ciency  at  least  equal  to  that  of  a  pipe  heater;  and  in  computing  the 
depth,  one  row  of  sections  may  be  taken  as  representing  4  rows  of 
pipe. 

Pipe  Connections.  In  the  heater  shown  in  Fig.  135,  all  the 
sections  take  their  supply  from  a  common  header,  the  supply  pipe 
connecting  with  the  top,  and  the  return  being  taken  from  the  lower 
division  at  the  end,  as  shown. 

In  Fig.  137  the  base  is  divided  into  two  parts,  one  for  live  steam, 
and  the  other  for  exhaust.  The  supply  pipes  connect  with  the  upper 
compartments,  and  the  drips  are  taken  off  as  shown.  Separate  traps 
should  be  provided  for  the  two  pressures. 

The  connections  in  Fig.  136  are  similar  to  those  just  described, 
except  that  the  supply  and  return  headers,  or  bases,  are  drained 
through  separate  pipes  and  traps,  there  being  a  slight  difference  in 
pressure  between  the  two,  which  is  likely  to  interfere  with  the  proper 
drainage  if  brought  into  the  same  one.  This  heater  is  arranged  to 
take  exhaust  steam,  but  has  a  connection  for  feeding  in  live  steam 
through  a  reducin,<j  valve  if  desired,  the  whole  heater  being  under  one 
pressure. 

In  heating  and  ventilating  work  where  a  close  regulation  of 
temperature  is  required,  it  is  usual  to  divide  the  heater  into  several 
sections, depending  upon  its  size,  and  to  provide  each  with  a  valve  in  the 
supply  and  return.  In  making  the  divisions,  special  care  should  be 
taken  to  arrange  for  as  many  combinations  as  possible.  For  example, 
a  heater  10  pipes  deep  may  be  made  up  of  three  sections— one  of 
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2  rows,  and  two  of  4  rows  each.  By  means  of  this  division,  2,  4,  0,  8, 
or  10  rows  of  pipe  can  be  used  at  one  time,  as  the  outside  weather 
conditions  may  require. 

When  possible,  the  return  from  each  section  should  be  provided 
with  a  water-seal  two  or  three  feet  in  depth.  In  the  ease  of  overhead 
heaters,  the  returns  may  be  sealed  by  the  water-line  of  the  boiler  or 
by  the  use  of  a  special  water-line  trap;  but  vertical  pipe  heaters 
resting  on  foundations  near  the  floor  are  usually  provided  with  siphon 
loops  extending  into  a  pit.  If  this  arrangement  is  not  convenient,  a 
separate  trap  should  be  placed  on  the  return  from  each  section. 
The  main  return,  in   addition    to  its  connection  with  the  boiler  or 


L/VE    ST^AM 


EXHAUST  STEAM 


TPAP  TRAP 

Fiff.  140.    Heater  Made  Up  of  Interchangeable  Sections. 


pump  receiver,  should  have  a  connection  with  the  sewer  for  blowing 
out  when  steam  is  first  turned  on.  Sometimes  each  section  is  pro- 
vided with  a  connection  of  this  kind. 

Large  automatic  air-valves  should  be  connected  with  each 
section;  and  it  is  well  to  supplement  these  with  a  hand  pet-cock, 
unless  individual  blow-off  valves  are  provided  as  describetl  above. 

If  the  fan  is  driven  by  a  steam  engine,  provision  should  be  made 
for  using  the  exhaust  in  the  heater;  and  part  of  the  sections  should 
be  so  valved  that  they  may  be  supplied  with  either  exhaust  or  live 
steam. 
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Fig.  140  shows  an  arrangement  in  which  all  of  the  sections  are 
interchaniijeable. 

From  50  to  60  sfjuare  feet  of  radiating  surface  should  be  provided 
in  the  exhaust  portion  of  the  heater  for  each  engine  horse-power, 
and  should  be  divided  into  at  least  three  sections,  so  that  it  can  be 
proportioned  to  the  recjuirements  of  different  outside  temperatures. 

Pipe  Sizes.  The  sizes  of  the  mains  and  branches  may  be  com- 
puted from  the  tables  already  given  in  Part  II,  taking  into  account 
the  higher  efficiency  of  the  heater  and  the  short  runs  of  piping. 

Table  XXXII,  based  on  experience,  has  been  found  to  give 
satisfactory  results  when  the  apparatus  is  near  the  boilers.  If  the 
main  supply  pipe  is  of  considerable  length,  ifs  diameter  should  be 
checked  by  the  method  previously  given. 

TABLE     XXXII 
Pipe  Sizes 


Square  Feet  of  Surface 

Diameter  of  Steam  Pipe 

DiAMETEH 

OF  Return 

150 

2     inches 

u 

inches 

300 

2^       " 

u 

4< 

.500 

3 

2 

(( 

700 

3*       " 

2 

a 

1,000 

4 

2h 

(( 

2,000 

5 

2h 

(.' 

3,000 

6 

3 

« 

Heaters  of  the  patterns  shown  in  Figs.  135,  136,  and  137  are 
usually  tapped  at  the  factory  for  high  or  low  pressure  as  desired, 
and  these  sizes  may  be  followed  in  making  the  pipe  connections. 

The  sizes  marked  on  Fig.  136  may  be  used  for  all  ordinary  work 
where  the  pressure  runs  from  5  to  20  pounds;  for  pressures  above 
that,  the  supply  connections  may  be  reduced  one  size. 

FANS 

There  are  two  types  of  fans  in  common  use,  known  as  the  cen- 
trifugal fan  or  blower,  and  the  disc  fan  or  propeller.  The  former 
consists  of  a  number  of  straight  or  slightly  curved  blades  extending 
radially  from  an  axis,  as  shown  in  Fig.  141.  When  the  fan  is  in 
motion,  the  air  in  contact  with  the  blades  is  thrown  outward  by  the 
action  of  centrifugal  force,  and  delivered  at  the  circumference  or 
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periphery  of  the  wheel.     A  partial  vacuiim  is  thus  produced  at  the 

center  of  the  wheel,  and   air  from  the  outside  flows  in  to  take  the 

place  of  that  which  has  been  discharged. 

Fig.  142  illustrates  the  action  of  a  centrifugal  fan,  the  arrows 

showing  the  path  of  the  air. 

This  type  of  fan  is  usually 

enclosed    in    a    steel  -  plate 

casing  of  such  form   as  to 

provide  for  the  free  move- 
ment of  the  air  as  it  es- 
capes   from   the    periphery 

of  the  wheel.      An  opening 

in  the  circumference  of  the 

casing   serves    as  an  outlet 

into  the   distributing  ducts 

which  carry  the   air  to  the 

various  rooms  to  be  venti- 
lated. 

A  fan  with  casing,   is 

shown  in  Fig.   143;  and  a 

combined  heater  and   fan, 

with  direct-connected  engine,  is  shown  in  Fig.  144. 

The  discharge  opening  can  be  located  in  any  position  desired, 

either  up,  down,  top  horizontal,  bottom  horizontal,  or  at  any  angle. 

Where  the  height  of  the  fan  room  is 
limited,  a  form  called  the  three-quarter 
housing  may  be  used,  in  which  the  lower 
part  of  the  casing  is  replaced  by  a  brick 
or  cemented  pit  extending  below  the  floor- 
level  as  shown  in  Fig.  145. 

Another  form  of  centrifugal  fan  is 
shown  in  Fig.  146.  This  is  known  as  the 
cone  fan,  and  is  commonly  placed  in  an 
opening  in  a  brick  wall,  and  discharges  air 
from  its  entire  periphery  into  a  room  called 
a  'plenum  chamber,  with  which  the  various 

distributing  ducts  connect. 

This  fan  is  often   made   double  by  placing  two  wheels  back  to 


Pig.  141.    Centrifugal  Fan  or  Blower. 


Fig.  143.  Illustrating  Action 
of  Centrifugal  Fan.  The 
Arrows  Show  the  Path  of 
the  Air. 
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back  and  surrounding^  them  with  a  steel  casin<]j  in  a  simihir  manner 
to  the  one  shown  in  Fig.  143. 

Cone  fans  are  particularly  adapted  to  church  and  schoolhouse 
work,  as  they  are  capable  of  moving  large  volumes  of  air  at  moderate 
speeds. 

Fig.  147  shows  a  form  of  small  direct-connected  exhauster  com- 
monly used  for  ventilating  toilet-rooms,  chemical  hoods,  etc. 

Centrifugal  fans  are  used  almost  exclusively  for  supplving  air 
for  the  ventilation  of  buildings,  and  for  forced-blast  heating.  Thev 
are  also  used  as  exhausters 
for  removing  the  air  from 
buildin<;s  in  cases  where 
there  is  considerable  resist- 
ance due  to  the  small  size 
or  excessive  length  of  the 
discharge  ducts. 

General  Proportions. 
The  general  form  of  a  fan 
wheel  is  shown  in  Fig.  141, 
which  represents  a  single 
spider  wheel  with  curved 
blades.  Those  over  4  feet 
in  diameter  usually  have 
two  spiders,  while  fans  of 
large  size  are  often  pro- 
vided with  three  or  more. 
The  number  of  floats  or 
blades  commonly  varies 
from  six  to  twelve,  depending  upon  the  diameter  of  the  fan.  Thev 
are  made  both  curved  and  straight;  the  former,  it  is  claimed,  run 
more  quietly,  but,  if  curved  too  much,  will  not  work  so  well  ap-ainst 
a  high  pressure  as  the  latter  form. 

The  relative  proportions  of  a  fan  wheel  vary  somewhat  in  the 
case  of  different  makes.  The  following  are  averages  taken  from  fans 
of  different  sizes  as  made  by  several  well-known  manufacturers  for 
general  ventilating  and  similar  work: 

Width  of  fan  at  center  =  Diameter  X  .52 

Width  of  fan  at  perimeter  =;  Width  at  center  X  .8 

Diameter  of  inlet  —  Diameter  of  wheel  X  .68 


Fig.  143.    Centrifugal  Fan  with  Casing. 
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Fig.  \U.    Combined  Heater  aud  Centrifugal  Fan  with  Direct -Connected  Engine. 


Fig.  1  ir>.    Centrifugal  Fan  in  "Three-Quarter  Housing."    Used  where  Headroom  is 
Limited;  Extra  Space  Provided  by  Pit  under  Floor- Level. 
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Fans  are  made  botli  witli  double  and  with  single  inlets,  the 
former  beinjj;  called  hloivers  and  the  latter  exhausters.  The  size  of 
a  fan  is  commonly  expressed  in  inches,  which  means  the  approximate 
height  of  the  casino;  of  a  full-housed  fan.  The  diameter  of  the  wheel 
is  usually  expressed  in  feet,,  and  can  be  found  in  any  given  case  by 
dividing  the  size  in  inches  by  20.  For  example,  a  120-inch  fan  has  a 
wheel  120   -^  20  =  G  feet  in  diameter. 


Fig.  U6.    "Cone"  Fan.  Discharges  through  Opening  in  Wall  into  a  "Plenum  Chamber"' 

Connecting  with  Distributing  Ducts. 


Theory  of  Centrifugal  Fans.  The  action  of  a  fan  is  affected 
to  such  an  extent  by  the  various  conditions  under  which  it  operates, 
that  it  is  impossible  to  give  fixed  rules  for  determining  the  exact 
results  to  be  expected  in  any  particular  instance.  This  being  the 
case,  it  seems  best  to  take  up  the  matter  briefly  from  a  theoretical 
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standpoint,   and   then   sliow  what  correc-tions  are  neeessarv   in   the 
case  of  a  given  fan  under  actual  workin<ij  conditions. 

There  are  various  methods  for  determining  th(^  capacity  of  a 
fan  at  different  speeds,  and  the  power  necessary  to  drive  it;  each 
manufacturer  has  his  own  formuUie  for  tlu's  purpose,  based  upon 
tests  of  his  own  particular  fans.  The  methods  given  here  apply 
in  a  general  way  to  fans  having  proportions  which  represent  the 
average  of  several  standard  makes;  and  the  results  obtained  will  be 


Fig.  1  IT.  .Sinall.  Direct-Connected  Exhauster  for  Ventilating  Toilet-Room.s,  Chemical 

Hoods,  etc. 

found    to   correspond    well   with   those   obtained    in    practice   under 
ordinary  conditions. 

As  already  stated,  the  rotation  of  a  fan  of  this  type  sets  in  motion 
the  air  between  the  blades,  which,  by  the  action  of  centrifugal  force, 
is  delivered  at  the  periphery  of  the  wheel  into  the  casing  surrounding 
it.  As  the  velocity  of  flow  through  the  discharge  outlet  depends 
upon  the  pressure  or  head  within  the  casing,  and  this  in  turn  upon 
the  velocity  of  the  blades,  it  becomes  necessary  to  examine  briefly 
into  the  relations  existing  between  these  quantities. 
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Pressure.  The  pressure  referred  to  in  connection  with  a  fan, 
is  that  in  the  discharge  outlet,  and  represents  the  force  which  drives 
the  air  through  the  ducts  and  flues.  The  greater  the  pressure  with  a 
given  resistance  in  the  pipes,  the  greater  will  be  the  volume  of  air 
delivered;  and  the  greater  the  resistance,  the  greater  the  pressure 
required  to  deliver  a  given  quantity. 

The  pressure  within  a  fan  casing  is  caused  by  the  air  being 
thrown  from  the  tips  of  the  blades,  and  varies  with  the  velocity  of 
rotation;  that  is,  the  higher  the  speed  of  the  fan,  the  greater  will  be 
the  pressure  produced.  Where  the  dimensions  of  a  fan  and  casing 
are  properly  proportioned,  the  velocity  of  air-flow  through  the  outlet 
will  be  the  same  as  that  of  the  tips  of  the  blades,  and  the  pressure 
within  the  casing  will  be  that  corresponding  to  this  velocity. 

Table  XXXIII  gives  the  necessary  speed  for  fans  of  different 
diameters  to  produce  different  pressures,  and  also  the  velocity  of  air- 
fliow  due  to  these  pressures. 


TABLE   XXXIII 
Fan  Speeds,  Pressures,  and  Velocities  of  Air=FIow 


I  o    - 
S  Z  3f 


(£5 


s 


DiAMKTKR     OF     FaN    WheKL,   IN     FtET 


Revolutions   pkr  Minutk 


274 
336 
338 
433 


206 
252 
291 
32.5 


10 


•  164 

137 

117 

103 

92 

1 
82  : 

202 

168 

144  ' 

126 

112 

101 

232 

194 

166 

146 

129 

116 

260 

217 

186 

163 

144 

1.30 

b.  -^  3 

O  a  H 


2,585 
3,165 
3.6.53 
4,084 


The  application  of  this  ta])le  will  be  matle  plain  by  a  brief  dis- 
cussion of  blast  area. 

Blast  Area.  When  the  outlet  from  a  fan  casing  is  small,  the  air 
will  pass  out  with  a  velocity  equal  to  that  of  the  tips  of  the  blades ;  and 
the  pressure  within  the  casing  will  be  that  corresponding  to  the 
tip  velocity.  That  is,  a  3-foot  fan  wheel  revolving  at  a  speed  of  274 
revolutions  per  minute  will  produce  a  pressure  within  the  fan  casing 
of  J  ounce  per  square  inch,  and  will  cause  a  velocity  of  flow  through 
the  discharge  outlet  of  2,585  feet  per  minute  (see  Table  XXXIII). 
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Now,  if  the  opening  be  slowly  increased,  while  the  speed  of  the  fan 
remains  constant,  the  air  will  continue  to  flow  with  the  same  velocity 
until  a  certain  area  of  outlet  is  reached.  If  the  outlet  be  still  further 
increased,  the  pressure  in  the  casing  will  begin  to  drop,  and  the 
velocity  of  outflow  become  less  than  the  tip  velocity.  The  effective 
area  of  outlet  at  the  point  when  this  change  begins  to  take  place,  is 
called  the  blast  area  or  capacity  area  of  the  fan.  This  varies  some- 
what with  different  types  and  makes  of  fans;  but  for  the  common 
form  of  blower,  it  is  approximately  ^  of  the  projected  area  of  the  fan 

opening  at  the  periphery — that  is,  — - — ,  in  which  D  is  the  diameter 

o 

of  the  fan  wheel,  and  w  its  width  at  the  periphery.     It  has  already 

been  stated  under  "General  Proportions"  that  W  =  .  52  D,  and  lo  =  .  8 

TT/       .u  .  .A       DX.SWDX.8X  .521) 

W;  so  that  we  may  write  A  = =  ^ =  .14  JJ-, 

o  o 

in  which  A  =  the  blast  area,  and  D  the  diameter  of  the  fan. 

As  a  matter  of  fact,  the  outlet  of  a  fan  casing  is  always  made 
larger  than  the  blast  area;  and  the  result  is  that  the  pressure  drops 
below  that  due  to  the  tip  velocity,  and  the  velocity  of  flow  through 
the  outlet  becomes  less  than  that  given  in  the  last  column  of  Table 
XXXIII  for  any  given  speed  of  fan. 

Effective  Area  of  Outlet.  The  size  of  discharge  outlet  varies 
somewhat  for  different  makes;  but  for  a  large  number  of  fans  ex- 
amined it  was  found  to  average  about  2.22  times  the  blast  area 
as  computed  by  the  above  method.  AYhen  air  or  a  licjuid  flows 
through  an  orifice,  the  stream  is  more  or  less  contracted,  depending 
upon  the  form  of  the  orifice. 

In  the  case  of  a  fan  outlet,  the  effective  area  may  be  taken  as  about 
.8  of  the  actual  area.  This  makes  the  effective  area  of  a  fan  outlet 
equal  to  .8  X  2.22  =  1.78  times  the  blast  area. 

Table  XXXIV  gives  the  effective  areas  of  fans  of  different 
diameter  as  computed  by  the  above  method.  That  is,  Effective 
area  =   .14D' X  1.78  =  .25/)-. 

Speed.  We  have  seen  that  when  the  discharge  outlet  is  made 
larger  than  the  blast  area,  the  pressure  within  the  fan  casing  drops 
below  that  due  to  the  tip  velocity;  so  that,  in  order  to  bring  the  pres- 
sure up  to  its  original  point,  the  speed  of  the  fan  must  be  increased 
above  that  given  in  Table  XXXIII. 
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TABLE  XXXIV 
Effective  Areas  of  Fans 


Diameter  of  Fan,  ix  Feet 

Effective  Area  of   Outlet,  in- 

Square  Feet 

3 

♦              2.3 

4 

4.0 

5 

6.3 

6 

9.1 

7 

12.3 

8 

16.0 

9 

20.4 

10 

25.2 

Tests  upon  a  fan  of  practically  the  same  proportions  as  those 
previously  given,  show  that,  when  the  effective  outlet  area  is  made 
1 .  78  the  blast  area,  the  speed  must  be  increased  1 . 2  times  in  order 
to  keep  the  pressure  at  the  same  point  as  when  the  outlet  is  equal 
to  or  less  than  the  blast  area. 

Capacifi/.     The  capacity  of  a  fan  is  the  volume  of  air  discharged 

in  a  given  time,  and  is  usually  expressed  in  cubic  feet  per  minute. 

It  is  equal  to  the  effective  area  of  discharge  multiplied  by  the  velocity 

of  flow  through  it. 

Example.  At  what  s{)eed  inu.st  a  0-foot  fan  be  run  to  maintain  a  pres- 
sure of  \  ounce,  and  wliat  volume  of  air  will  be  delivered  per  minute? 

From  Table  XXXIII  we  find  that  a  G-foot  fan  must  run  at  a 
speed  of  194  revolutions  per  minute  to  maintain  the  given  pressure 
when  the  outlet  is  equal  to  the  blast  area,  or  194  X  1 .2  =  233  revo- 
lutions per  minute  under  actual  conditions.  The  velocity  of  flow 
through  the  outlet  at  h  ounce  pressure,  is  3,653  feet  per  minute  (Table 
XXXIII) ;  and  the  effective  area  of  outlet  of  a  6-foot  fan  is  9 . 1  square 
feet  (Table  XXXIV).  Therefore  the  volume  of  air  delivered  per 
minute  is  equal  to  9 . 1  X  3,653  =  33,242  cubic  feet. 

Example.  It  is  desired  to  move  52,000  cubic  feet  of  air  per 
minute  at  a  pressure  of  \  ounce.  What  size  and  speed  of  fan  will 
be  required?  Looking  in  Table  XXXIII,  we  find  that  the  velocity 
through  the  fan  outlet  for  |-ounce  pressure  is  2,585,  which  calls  for 
an  outlet  area  of  52,000  -h  2,585  =  20 . 1  square  feet.  Looking  in 
Table  XXXIV,  we  find  this  corresponds  very  nearly  to  a  9-foot  fan, 
which  is  the  size  called  for.  Referring  again  to  Table  XXXIII,  the 
speed  necessary  to  maintain  the  required  pressure  under  the  given 
conditions  is  found  to  be  92  X  1-2  =   110  revolutions  per  minute. 
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Effect  of  Resistance.  Thu.s  far  it  has  been  assumed  that  the 
fan  was  discharguig  into  the  open  air  against  atmospheric  pressure. 
The  effect  of  adding  a  resistance  by  connecting  it  with  a  series  of 
ventilating  ducts,  is  the  same  as  partially  closing  the  discharge  outlet. 
Carefully  conducted  tests  upon  this  type  of  fan  have  shown  that  the 
reduction  of  air-flow  is  very  nearly  in  proportion  to  the  reduction 
of  the  discharge  area.  That  is,  if  the  outlet  of  the  fan  is  closed  to 
one-half  its  original  area,  the  (juantity  of  air  discharged  will  be  prac- 
tically one-half  that  delivered  by  the  fan  with  a  free  opening.  The 
effect  of  attaching  a  fan  to  the  ventilating  flues  of  a  building  like  a 
schoolhouse,  church,  or  hall,  where  the  ducts  have  easy  bends  and 
where  the  velocity  of  air-flow  through  them  is  not  over  1 ,000  to  1 ,200 
feet  per  minute,  is  about  the  same  as  reducing  the  outlet  20  per  cent. 
For  factories  with  deep  heaters  and  smaller  ducts,  where  the  velocity 
runs  up  to  1,500  or  1,800  feet  per  minute,  the  effect  is  equivalent  to 
closing  the  outlet  at  least  30  per  cent,  and  even  more  in  very  large 
buildings. 

For  schoolhouses  and  similar  work  a  fan  should  not  be  run  much 
above  the  speed  necessary  to  maintain  a  pressure  of  f  ounce  at  the 
outlet.  Higher  speeds  are  accompanied  with  greater  expenditure  of 
power,  and  are  likely  to  produce  a  roaring  noise  or  to  cause  vibration. 
A  much  lower  speed  does  not  provide  sufficient  pressure  to  give  proper 
control  of  the  air-distribution  during  strong  winds.  For  factories, 
a  higher  pressure  of  |  to  f  ounce  is  more  generally  employed. 

Actually  the  pressure  is  increased  slightly  by  restricting  the  out- 
let at  constant  speed;  l)ut  this  is  seldom  taken  into  account  in  venti- 
lating work,  as  volume,  speed,  and  power  are  the  quantities  sought. 

Example.  A  school  building  requires  32,000  cubic  feet  of  air  per  min- 
ute.    What  size  and  speed  of  fan  will  be  required? 

If  the  resistance  of  the  ducts  and  flues  is  equivalent  to  cutting 
down  the  discharge  outlet  20  per  cent,  we  must  make  the  computa- 
tions for  a  fan  which  will  discharge  32,000  -^  .S  =  40,000  cubic  feet 
in  free  air. 

Looking  in  Table  XXXIII,  we  find  the  velocity  for  i^-ounce 
pressure  to  be  3,165  feet  per  minute;  therefore  the  size  of  fan  outlet 
must  be  40,000  -^  3,165  =  12.6  square  feet,  which,  from  Table 
XXXIV,  we  find  corresponds  very  nearly  to  a  7-foot  fan. 
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Referring  again  to  Table  XXXIII,  the  reciuired  speed  is  found 
to  be  144  X  1.2  =  173  revolutions  per  minute. 

Example.  A  factory  requires  21,000  cubic  feet  of  air  per  minute  for 
warming  and  ventilating.     Wliat  size  and  speed  of  fan  will  be  required? 

21,000  -  .7  =  30,000,  the  volume  to  provide  for  with  a  fan 
discharging  into  free  air.  Assuming  a  pressure  of  f  ounce,  the  veloc- 
ity will  be  4,084  feet  per  minute,  from  ^vhich  the  area  of  outlet  is 
found  to  be  30,000  --  4,0,S4  =  7.3  scjuare  feet.  This,  we  find,  does 
not  correspond  to  any  of  the  sizes  given  in  Table  XXXIV.  As 
standard  fans  are  not  usually  made  in  half-sizes  above  5  feet,  we 
shall  use  a  5-foot  fan  and  run  it  at  a  higher  speed. 

A  0-foot  fan  has  an  outlet  area  of  0.3  square  feet,  and  at  f-ounce 
pressure  it  would  deliver  6.3  X  4,0S4  =  25,729  cubic  feet  of  air  per 
minute,  at  a  speed  of  260  X  1  .2  =  312  revolutions  per  minute. 
The  volume  of  air  delivered  by  a  fan  varies  approximately  as  the 
speed;  so,  in  order  to  bring  the  volume  up  to  the  required  30,000,  the 
speed  must  be  increased  by  the  ratio  30,000  -f-  25,729  =  1.16, 
making  the  final  .speed  312  X  1.16  =  362  revolutions  per  minute. 
In  the  same  way,  a  6-foot  fan  could  have  been  used  and  run  at  a 
proportionally  lower  speed. 

Power  Required.  The  work  done  l)y  a  fan  in  moving  air  is 
represented  by  the  pressure  exerted,  multiplied  by  the  distance  through 
which  it  acts. 

Table  XXXV  gives  the  horse-power  required  for  moving  the 
air  which  will  flow^  through  each  square  foot  of  the  effective  outlet 
area,  under  different  pressures. 

This  table  gives  only  the  power  necessary  for  movimj  the  air, 
and  does  not  take  into  consideration  the  friction  of  the  air  in  passino- 
through  the  fan,  nor  that  of  the  fan  itself. 

The  efficiency  of  a  fan  varies  with  the  speed,  the  size  of  outlet, 
and  the  pressure  against  which  the  fan  is  working.  Under  favorable 
conditions,  with  properly  proportioned  fans,  we  may  count  on  an 
efficiency  of  about  .35. 

Example.  What  horse-power  will  be  required  to  drive  an  8-foot  fan  at 
such  a  speed  as  to  maintain  a  pressure  of  I  ounce? 

An  8-foot  fan  has  an  outlet  area  of  16  square  feet  (Table  XXXIV) ; 
and  from  Table  XXXV  we  find  that  .5  horse-power  is  required  to 
move  the  air  which  will  flow  through  each  square  foot  of  outlet  under 


179 


170 


HEATING  AND  VENTILATION 


TABLE  XXXV 
Power  Required  for  Moving  Air  under  Different  Pressures 


Pressure  in  Ounces  per  Square  Inch 


Horse-Power   for  Moving  Air  which   will 

Flow  through  Each  Square  Foot  of 

Effective  Outlet  Area 


.18 
.33 
.50 
.70 


Wimce  pressure.  Therefore  the  power  required  to  move  the  air 
alone  is  16  X   .5  =  8,  and  the  total  horse-power  is  8  -^  .35  =  23. 

Effect  of  Resistance.  In  the  above  case,  it  is  assumed  that  the 
fan  is  discharging  into  free  air.  If  a  resistance  is  added,  the  effect 
is  the  same  as  partially  closing  the  outlet,  and  the  volume  of  air 
moved  and  the  horse-power  required  are  both  reduced  in  very  nearly 
the  same  proportion.  This  reduction,  as  already  stated,  may  be 
taken  as  20  per  cent  for  schoolhouse  and  similar  work,  and  30  per 
cent  for  factories. 

For  example,  if  the  fan  just  considered  was  to  be  used  for  venti- 
lating a  schoolhouse,  delivering  air  under  a  pressure  of  ^  ounce,  the 
necessary  horse-power  would  be  only  23  X  .8  =  18.4.  If  used  for 
a  factory,  delivering  air  under  a  pressure  of  |  ounce,  the  required 

horse-power  would  be— — — -^  X  .7  =  22 . 3. 

.oo 

General  Rides.     The  methods  above  described  may  be  briefly 

expressed  as  follows: 

Capacity— Q  =  A  X  v  X  F,  in  which 
Q  =  Cubic  feet  of  air  per  minute; 
A  =  Effective  area  of  fan  outlet  (Table  XXXIV); 
V  =  Velocity  of  flow  through  outlet ; 

(3,165  (|-ounce  pressure)  for  schoolhouses,  etc.; 
(4,084  (f-ounce  pressure)  for  factories; 
„  _  J  .8  for  schoolhouses,  etc.; 
~  1 .7  for  factories. 
Speed — Take  the  speed  from   Table   XXXIII,  corresponding  to  the  given 
pressure  and  size  of  fan,  and  multiply  by  1.2. 


Horse-Power — H.P.  = 


A  X  pX  F 
.35 


in  \v 


•hi  ch 


H.P.  =  Horse-power; 

A  =  Effective  area  of  fan  outlet; 

p  =  Horse-power  to  move  air  which  will  flow  through  1  square  foot  of  fan 
outlet  under  given  pressure  (Table  XXXV); 
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_  j  .33  for  schoolhouses,  etc.; 
]  .7  for  factories. 
p,  _  j  .8  for  schoolhouse-,  etc.; 
I  -7  for  factories. 

EXAMPLES 

1.  A  schoolhouse  recjuires  an  air-supply  of  30,000  cubic  feet 
per  minute.  What  Avill  be  the  required  size  of  fan,  its  speed,  and 
the  H.  P.  of  engine  to  drive  it?  f  7  ft.  in  diameter. 

Ans.  ^173  r.  p.  m. 
^9H.P. 

2.  What  will  be  the  size  and  speed  of  fan,  and  horse-power  of 
engine,  to  heat  and  ventilate  a  factory  requiring  1,080,000  cubic  feet 
of  air  per  hour?  f  6  ft.  in  diameter. 

Ans.  \  260  r.  p.  m. 
[s.SH.P. 
General  Relaiions.     The  following  general  relations  between  the 
volume,  pressure,  and  power  will  often  be  found  useful  in  deciding 
upon  the  size  of  a  fan : 

(1)  The  volume  of  air  delivered  varies  directly  as  the  speed  of  the  fan, 
that  is,  doubling  the  number  of  revolutions  doubles  the  volume  of  air  de- 
livered. 

(2)  The  pressure  varies  as  the  square  of  the  speed.  For  example,  if 
the  speed  is  doubled,  the  pressure  is  increased  2X2  =  4  times;  etc. 

(3)  The  power  required  to  run  the  fan  varies  as  the  cube  of  the  speed. 
Thus,  if  the  speed  is  doubled,  the  power  reciuired  is  increased  2X2X2  =  8 
times;  etc. 

The  value  of  a  knowledge  of  these  relations  mav  be  illustrated 
by  the  following  example: 

Suppose  for  any  reason  it  were  desired  to  double  the  volume  of 
air  delivered  by  a  certain  fan.  At  first  thought  we  might  decide  to 
use  the  same  fan  and  run  it  twice  as  fast;  but  when  we  come  to  con- 
sider the  power  required,  we  should  find  that  this  would  have  to  be 
increased  8  times,  and  it  would  probably  be  much  cheaper  in  the 
long  run  to  put  in  a  larger  fan  and  run  it  at  lower  speed. 

Disc  or  Propeller  Fans.  When  air  is  to  be  moved  against  a  very 
slight  resistance,  as  in  the  case  of  exhaust  ventilation,  the  disc  or  pro- 
peller type  of  wheel  may  be  used.  This  is  shown  in  different  forms 
in  Figs.  149  and  150.  This  type  of  fan  is  light  in  construction,  re- 
quires but  little  power  at  low  speeds,  and  is  easily  erected.     It  may  be 
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conveniently  placed  in  the  attic  or  up])er  story  of  a  building,  where 
it  may  be  driven  either  by  a  direct-  or  belt-connected  electric  motor. 
Fig.  148  shows  a  fan  equipped  with  a  direct -connected  motor,  and 
Fig.  151  the  general  arrangement  when  a  belted  motor  is  used.  These 
fans  are  largely  used  for  the  ventilation  of  toilet  and  smoking  rooms, 
restaurants,  etc.,  and  are  usually  mounted  in  a  wall  opening,  as  shown 
in  Fig.  151.  A  damper  should  always  be  provided  for  shutting  off 
the  opening  when  the  fan  is  not  in  use.  The  fans  shown  in  Figs.  149 
and  150  are  provided  with  pulleys  for  belt  connection. 


iPig.  148.    Propeller  Fan  Dlreet-Connected  to  Motor. 

Fans  of  this  kind  are  often  connected  with  the  main  vent  flues 
of  large  buildings,  such  as  schools,  halls,  churches,  theaters,  etc., 
and  are  especially  adapted  for  use  in  connection  with  gravity  heating 
systems.  They  are  usually  run  by  electric  motors,  and  as  a  rule  are 
placed  in  positions  where  an  engine  could  not  be  connected,  and  also 
in  buildings  where  steam  pressure  is  not  available. 

Capacity  of  Disc  Fans.  The  capacity  of  a  disc  fan  varies  greatly 
with  the  type  and  the  conditions  under  which  it  operates.     The  rated 
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capacities  usually  given  in  catalogues  are  for  fans  revolving  in  free 
air— that  is,  mounted  in  an  opening  without  being  connected  with 
ducts  or  subjected  to  other  frictional  resistance. 

As  the  capacity  and  necessary  power  are  so  depentlent  upon  the 
resistance  to  be  overcome,  it  is  difficult  to  give  definite  rules  for 
determining  them.     The  following  data,   based   upon    actual  testS; 


Fi<r.  149.    Another  Form  of  Propeller  Fan,  wltti  Special  Type  of  Blade. 

apply  to  fans  working  against  a  resistance  such  as  would  be 
produced  by  connecting  with  a  system  of  ducts  of  medium  length 
through  which  the  air  was  drawn  at  a  velocity  not  greater  than  600 
or  800  feet  per  minute.  Under  these  conditions,  a  good  type  of  fan 
will  propel  the  air  in  a  direction  parallel  to  the  shaft  a  distance  equal  to 
about  .7  of  its  diameter  at  each  revolution;  and  from  this  we  have 
the  equation : 
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Q  =  .7  1)  X  n  X  A, 


in  which 


Q  =  Cubic  feet  of  air  discharged  per  minute; 
D  =  Diameter  of  fan,  in  feet ; 
R  =  Revolutions  per  minute; 
.1  =  Area  of  fan,  in  sfjuare  feet. 

In  order  to  ol)tain  the 
best  resuhs,  the  hnear  velocity 
of  air-flow  through  the  fan 
should  ranj^e  from  800  to  1 ,200 
feet  per  minute. 

Table  XXXVI  gives  the 
revolutions  per  minute  for 
fans  of  different  diameter  to 
produce  a  linear  velocity  of 
1,000  feet,  the  volume  deliv- 
ered at  this  speed,  and  the 
horse-power  required. 

The  horse-power  is  com- 
puted by  allowing  .  14  H.  V. 
for  each  1,000  cubic  feet  of 
air  moved,  when  the  velocitv 
through  the  fan  is  800  feet 
per  minute;  .10  H.  P.  for 
1,000  feet  velocitv;  and  .18  H.  P.  for  1,200  feet  velocitv 
factors  are  empirical,  and  leased  on  tests.    / 


FiR.  150.    Propeller  Fan  with  Wheel  on  Shaft 
for  Belt  Connec-tioii. 


These 


Fig.  l.=)l.    Fan  Belt-Connected  to  Motor. 

Example.  Assuming;  a  velocity  of  800  feet  per  minute  through  a  4-foot 
fan,  what  volume  will  be  delivered  per  minute,  and  what  speed  and  horse- 
power will  be  required? 
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TABLE  XXXVI 
Disc  Fans,  their  Capacity,  Speed,  etc. 


DiA.   OF  Fax,   IX 
Inches 


Rev.   per  Min. 


Cubic  Feet  of    Air 
Moved 


Horse-Power 
Required 


IS 

952 

1,700 

.27 

24 

716 

3,100 

.50 

30 

572 

4.900 

.78 

36 

476 

7,100 

1.2 

42 

40S 

9,400 

1.5 

48 

343 

12,000 

1.9 

54 

317 

15,800 

2.5 

60 

286 

19,400 

3.1 

72 

238 

28.300 

4.5 

The  area  of  a  4-foot  fan  is  12.5  square  feet;  a:nd  at  800  velocity 
the  volume  would  be  12.5  X  SOO  =  10,000  cubic  feet.  Next  solve 
for  the  speed  by  the  equation  Q  =  .~D  X  R  X  A,  which,  when 
transposed,  takes  the  form 

Substituting  the  known  quantities,  we  have: 

10,000 


i?  = 


=  286. 


.7  X  4  X  12.5 

The  horse-power  is  10  X     1-4  =  14. 

Fan  Engines.  A  simple,  quiet-running  engine  is  desirable 
for  use  in  connection  with  a  fan  or  blower.  The  engine  mav  be  either 
horizontal  or  vertical;  and  for  schoolhouse  and  similar  work,  should 
be  provided  with  a  large  cylinder,  so  that  the  rec[uired  power  may 
be  developed  without  carrying  a  boiler  pressure  much  above  30 
pounds.  In  some  cases,  cylinders  of  such  size  are  used  that  a  boiler 
pressure  of  12  or  15  pounds  is  sufficient.  The  quantity  of  steam 
which  an  engine  consumes  is  of  minor  importance,  as  the  exhaust  can 
be  turned  into  the  coils  and  used  for  heating  purposes.  If  space 
allows,  the  engine  should  always  be  belted  to  the  fan.  Where  it  is 
direct -connected,  as  in  Fig.  144,  there  is  likely  to  be  trouble  from 
noise,  as  any  slight  looseness  or  pounding  in  the  engine  will  be  com- 
municated to  the  air-ducts,  and  the  sound  will  be  carried  to  the  rooms 
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above.     Figs.  152  and  153  show  common  forms  of  fan  engines,     'i'he 
latter  is  especially  adapted  to  this  purpose,  as  all  bearings  are  enclosed 


Fig.  ]r>-i     A  (.'oiimion  Form  of  Fan  Kngiiie. 

and  protected  from  dust  and  grit.     A  liori/ontal  engine  for  fan  use 
is  shown  in  Fig.  154. 

In  case  an  engine  is  belted,  the  distance  between  the  shafts  of 
the  fan  and  engine  should  not  in  general  be  much  less  than  10  feet 
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for  fans  up  to  7  or  8  feet  in  diameter,  and  12  feet  for  those  of  larger 
size.  When  possible,  the  tight  or  driving  side  of  the  belt  should 
be  at  the  bottom,  so  that  the  loose  side,  coming  on  top,  will  tend  to 
wrap  around  the  pulleys  and  so  increase  the  arc  of  contact. 

Motors.     Electric   motors    are   especially   adapted    for   use   in 
connection  with  fans.     This  method  of  driving  is  more  expensive 


HI.     1 


Fig.  153. 


Another  Form  of  Fan  Engine,  with  Bearings  Enclosed  to  Protect  Them 
from  Dust  and  Grit. 


than  by  the  use  of  an  engine,  especially  if  electricity  must  be  pur- 
chased from  outside  parties;  but  if  the  building  contains  its  own 
power  plant,  so  that  the  exhaust  steam  can  be  utilized  for  heating, 
the  convenience  and  simplicity  of  motor-driven  fans  often  more  than 
offset  the  additional  cost  of  operation. 
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Direct-connected  motors  are  always  preferable  to  belted,  if  a 
direct  current  is  available,  on  account  of  greater  quietness  of  action. 
This  is  due  both  to  the  slower  speed  of  the  motor  and  to  the  absence 
of  belts. 

Sufficient  speed  regulation  can  be  obtained  with  direct -connected 
machines,  without  excessive  waste  of  energy,  by  the  use  of  a  rheostat. 

If  a  direct  current  is  not  available,  and  an  alternating  current 
must  be  used,  the  advantages  of  electric  driving  are  greatly  reduced, 
as  high-speed  motors  with  belts  must  be  employed,  and,  further- 
more, satisfactory  speed  regulation  is  not  easily  attainable. 


Fig.  154.    Horizontal  Engine  foi*  Fan  Use. 

Area  of  Ducts  and  Flues.  With  the  blower  type  of  fan,  the  size 
of  the  main  ducts  may  be  based  on  a  velocity  of  1,200  to  1,500  feet  per 
minute;  the  branches,  on  a  velocity  of  1,000  to  1,200  feet  per  minute, 
and  as  low  as  600  to  800  feet  when  the  pipes  are  small.  Flue  veloci- 
ties of  500  to  700  feet  per  minute  may  be  used,  although  the  lower 
velocity  is  preferable.  The  size  of  the  inlet  register  should  be  such 
that  the  velocity  of  the  entering  air  will  not  exceed  about  300  feet  per 
minute.  The  velocity  between  the  inlet  windows  and  the  fan  or 
heater  should  not  exceed  about  800  feet. 

The  air-ducts  and  flues  are  usually  made  of  galvanized  iron,  the 
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ducts  being  run  at  the  basement  ceiling.     No.  20  and  No.  22  iron 
is  used  for  the  larger  sizes,  and  No.  24  to  No.  28  for  the  smaller. 

Regulating  dampers  should 
be.  placed  in  the  branches  lead- 
ing to  each  flue,  for  increasing  or 
reducing  the  air-supply  to  the 
different  rooms.  Adjustable  de- 
flectors are  often  placed  at  the 
fork  of  a  pipe  for  the  same  pur- 
pose. One  of  these  is  shown  in 
Fig.  155. 

Fig.  156  illustrates  a  com- 
mon   arranjrement    of    fan    and 


15,5.  Adjustable  Deflector  Placed  at  Fork 
of  Pi]>e  to  Regulate  Air-Supply. 


heater  v/here  the  t}^e  of  heater  pj^, 

shown  in  Fig.  138  is  used;  and 

Fig.  157  is  a  self-contained  apparatus  in  which  the  heater  is  inclosed 

in  a  steel  casinfx. 

Factory    Heating.     The    application    of    forced    blast    for    the 
COLD  Aiff  wLfr  WINDOWS  Warming  of  factories  and 

shops,  is  shown  in  Figs. 
158  and  159.  The  pro- 
portional heating  surface 
in  this  case  is  generally 
expressed  in  the  number 
of  cubic  feet  in  the 
building  for  each  linear 
foot  of  1-inch  steam 
pipe  in  the  heater.  On 
this  basis,  in  factory 
practice,  with  all  of  the 
air  taken  from  out  of 
doors,  there  are  generally 
allowed  from  100  to  150 
cubic  feet  of  space  per 
foot  of  pipe,  according  as 
exhaust     or    live    steam 

is    used,    live    steam    in    this  case   indicating  steam   of   about   80 

pounds  pressure.     If  practically  all  the  air  is   returned   from  the 
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Fig.  156. 


Common  Arrangement  of  Fan  with  Heater 
of  Type  Shoi\-n  iu  Fig.  138. 
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buildings  to  the  heater,  these  figures  may  be  raised  to  about  140  as  a 
minimum,  and  possibly  200  as  a  maximum,  per  foot  of  pipe.     The 
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heaters  in  Table  XXXI  may  be  changed  to  linear  feet  of  1  inch  pipe 
by  multiplying  the  numbers  in  column  three  (sauare  feet  of  surface) 
by  three. 
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EXAMPLES  FOR  PRACTICE 

1.     A  machine  shop  100  feet  long  by  50  feet  wide  and  having  3 
stories,  each  10  feet  high,  is  to  be  warmed  bv  forced  blast,  using 


Fig.  158.    Illustrating  Application  of  Forced  Blast  for  Warming  a  Factory. 

exhaust  steam  in  the  heater.  The  air  is  to  be  returned  to  the  heater 
from  the  building,  and  the  whole  amount  contained  in  the  building 
is  to  pass  through  the  heater  every  15  minutes.     ^Yllat  size  of  blower 
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will  be  required,  and  what  will  be  the  H.  P.  of  the  engine  required  to 
run  it?  How  many  linear  feet  of  1-inch  pipe  should  the  heater  con- 
tain? 

4-foot    blower. 
Ans.  \  6  H.  P.  engine. 

1   feet  of  pipe. 


'  0  n 
[l,07 


Fig.  159.    Centrifugal  Blowci-  Producing  Forced  Blast  for  Heating  a  Shop. 

2.  Find  the  size  of  blower,  engine,  and  heater  for  a  factory 
200  feet  long,  CO  feet  wide,  and  having  4  stories,  each  10  feet  high, 
using  live  steam  at  80  pounds  pressure  in  the  heater,  and  changing 
the  air  every  20  minutes  by  taking  in  cold  air  from  out  of  doors. 

G-foot  blower. 
Ans.  \  13  H.  P.  engine. 

3,200  feet  of  pipe. 
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In  using  this  method  of  computation,  judgment  must  be  employed, 
which  can  come  only  from  experience.  The  figures  given  are  for 
average  conditions  of  construction  and  exposure. 

Double=Duct  System.  The  varying  exposures  of  the  rooms  of 
a  school  or  other  building  similarly  occupied,  require  that  more  heat 
shall  be  supplied  to  some  than  to  others.  Rooms  that  are  on  the 
south  side  of  the  building  and  exposed  to  the  sun,  may  perhaps  be 
kept  perfectly  comfortable  with  a  supply  of  heat  that  will  maintain 
a  temperature  of  only  50  or  60  degrees  in  rooms  on  the  opposite  side 
of  the  building  which  are  exposed  to  high  winds  and  shut  off  from  the 
warmth  of  the  sun. 


Fig.  160.    Hot-Blast  Apparatus  with  Double  Duct  foi-  Supplying  Air  at  Different  Temper- 
atures to  Different  Parts  of  a  Building. 

With  a  constant  and  equal  air-supply  to  each  room,  it  is  evident 
that  the  temperature  must  be  directly  proportional  to  the  cooling 
surfaces  and  exposure,  and  that  no  building  of  this  character  can  be 
properly  heated  and  ventilated  if  the  temperature  cannot  be  varied 
without  affecting  the  air-supply. 

There  are  two  methods  of  overcoming  this  difficulty: 
The  older  arrangement  consists  in  heating  the  air  by  means  of  a 
primary  coil  at  or  near  the  fan,  to  about  60  degrees,  or  to  the  minimum 
temperature  required  within  the  building.  From  the  coil  it  passes 
to  the  bases  of  the  various  flues,  and  is  there  still  further  heated  as 
required,  by  secondary  or  supplementary  heaters  placed  at  the  base  of 
each  flue. 
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With  the  second  and  more  recent  method,  a  single  heater  is 
employed,  and  all  the  air  is  heated  to  the  maximum  required  to 
maintain  the  desired  temperature  in  the  most  exposed  rooms,  while 
the  temperature  of  the  other  rooms  is  regulated  by  mixing  with  the 
hot  air  a  sufficient  volume  of  cold  air  at  the  bases  of  the  different  flues. 
This  result  is  best  accomplished  by  designing  a  hot-blast  apparatus 

so  that  the  air  shall  be 
forced,  rather  than  drawn 
through  the  heater,  and 
by  providing  a  by-pass 
through  which  it  may 
be  discharged  without 
passing  across  the  heated 
pipes. 

The  passage  for  the 
cool  air  is  usually  above 
and  separate  from  the 
heater  pipes,  as  shown  in 
Fig.*  160.  Extending 
from  the  apparatus  is  a 
double  system  of  ducts, 
usually  of  galvanized 
iron,  suspended  from  the 
ceiling.  At  the  base  of 
each  flue  is  placed  a  mix- 
ing damper,  which  is 
controlled  by  a  chain 
from  the  room  above, 
and  so  designed  as  to 
admit  either  a  full  vol- 
ume of  hot  air,  a  full 
volume  of  cool  or 
tempered  air,  or  to  mix  them  in  any  desired  proportion  without  affect- 
ing the  resulting  total  volume  delivered  to  the  room.  A  damper  o 
this  form  is  shown  in  Fig.  IGl. 

Fig.  162  shows  an  arrangement  of  disc  fan  and  heater  where  the 
air  is  first  drawn  through  a  tempering  coil,  then  a  portion  of  it  forced 
through  a  second  heater  and  into  the  warm-air  pipes,  while  the  remain- 


Fig.  161.    Mixing  Damper  for  Regulating  Temperature 
of  Air  .Supplied  by  Double-Duct  System. 
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der  is  by-passed  under  the  heater  into  the  cold-air  pipes.     Mixing 
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dampers  are  placed  at  the  bases  of  the  flues  as  already  described,  to 
reo-ulate  the  temperature  in  different  rooms. 
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ELECTRIC  HEATING 

Unless  electricity  is  produced  at  a  very  low  cost,  it  is  not  com- 
mercially practicable  for  heating  residences  or  large  buildings.  The 
electric  heater,  however,  has  quite  a  wide  field  of  application  in  heating 
small  offices,  bathrooms,  electric  cars,  etc.  It  is  a  convenient  method 
of  warming  rooms  on  cold  mornings  in  late  spring  and  early  fall, 
when  furnace  or  steam  heat  is  not  at  hand.  It  has  the  special  advan- 
tage of  being  instantly  available,  and  the  amount  of  heat  can  be  regu- 
lated at  will.  The  heaters  are  perfectly  clean,  do  not  vitiate  the  air, 
and  are  portable. 

Electric  Heat  and  Energy.  The  commercial  unit  for  electricity 
is  one  watt  for  one  hour,  and  is  equal  to  3.41  B.  T.  U.  Electricity  is 
usually  sold  on  the  basis  of  1,000  watt-hours  (called  Kiloicati-hours), 


Fit?.  163.    Electric  Car-Heater. 


which  is  equivalent  tc  3,410  B.  T.  U.  A  watt  is  the  product  obtained 
by  multiplying  a  current  of  1  ampere  by  an  electromotive  force  of  1 
volt. 

From  the  above  we  see  that  the  B.  T.  U.  required  per  hour  for 
warming,  divided  by  3,410,  will  give  the  kilowatt-hours  necessary  for 
supplying  the  required  amount  of  heat. 

Construction  of  Electric  Heaters.  Heat  is  obtained  from  the 
electric  current  by  placing  a  greater  or  less  resistance  in  its  path. 
Various  forms  of  heaters  have  been  employed.  Some  of  the  simplest 
consist  merely  of  coils  or  loops  of  iron  wire,  arranged  in  parallel  rows, 
so  that  the  current  can  be  passed  through  as  many  coils  as  are  needed 
to  provide  the  required  amount  of  heat.  In  other  forms,  the  heating 
material  is  surrounded  with  fire-clay,  enamel,  or  asbestos,  and  in  some 
cases  the  material  itself  has  been  such  as  to  give  considerable  resist- 
ance to  the  current.  A  form  of  electric  car-heater  is  shown  in  Fig.  163. 
Forms  of  radiators  are  shown  in  Figs.  164  and  105. 
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Calculation  of  Electric  Heaters.    The  formula  for  the  calcu- 
lation of  electric  heaters  is 


H  =  1-  R  tX  .24, 


in  which 


H  =  Heat,  in  calories: 

/  =  Current,  in  amperes; 
R  =  Resistance,  in  ohms; 

t  =  Time,  in  seconds. 

Examples.  AVhat  resistance  must  an 
electric  heater  have,  to  give  oflf  6,000  B. 
T.  U.  per  hour,  with  a  current  of  20  am- 
peres ?  Fig.  164.    Electric  Radiator. 

AVe  have  learned  that  1  B.  T.  U.   =   252  calories;  so,  in  the 
present  case,  6,000  X   252  =  1,512,000  calories  must  be  provided. 
Substituting  the  known  values  in  the  formula,  we  have 
1,512,000  =  20^  XRX  3,600  X  .24, 
from  which 

1,512,000 


R  = 


4.37  olmns. 


345,600 

A  heater  having  a  resistance  of  3  ohms  is  to  supply  3,000  B.  T.  U.  per 
hour.     AVhat  current  will  be  required  ? 


Fig.  lao.    Another  Form  of  Electric  Radiator. 

3,000  X  252  =  756,000  calories.     Substituting  the  known  values  in 
the  formula,  and  solving  for  I,  we  have 

756,000  =  PX3X  3,6C0  X  .24, 
from  which 


7=  1/291.6  =  17  +  amperes. 
Connections   for  Electric  Heaters.     The  method  of  wirino-  for 
electric  heaters  is  essentially  the  same  as  for  lights  which  require  the 
same  amount  of  current.     A  constant  electromotive  force  or  voltage 
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is  maintained  in  the  main  wire  leading  to  the  heaters.  A  much  less 
voltpge  is  carried  on  the  return  wire,  and  the  current  in  passing  through 
the  heater  from  the  main  to  the  return,  drops  in  voltage  or  pressure. 
This  drop  provides  the  energy  which  is  transformed  into  heat. 

The  principle  of  electric  heating  is  much  the  same  as  that  in- 
volved in  the  non-gravity  return  system  of  steam  heating.  In  that 
system,  the  pressure  on  the  main  steam  pipes  is  that  of  the  boiler, 
while  that  on  the  return  is  much  less,  the  reduction  in  pressure  occur- 
ring in  the  passage  of  the  steam  through  the  radiators;  the  water  of 
condensation  is  received  into  a  tank,  and  returned  to  the  boiler  by  a 
pump. 

In  a  system  of  electric  heating,  the  main  wires  must  be  suffi- 
ciently large  to  prevent  a  sensible  reduction  in  voltage  or  pressure 
between  the  generator  and  the  heater,  so  that  the  pressure  in  them 
shall  be  substantially  that  in  the  generator.  The  pressure  or  voltage 
in  the  main  return  wire  is  also  constant,  but  very  low,  and  the  genera- 
tor has  an  office  similar  to  that  of  the  steam  pump  in  the  system  just 
described — that  is,  of  raising  the  pressure  of  the  return  current  up 
to  that  in  the  main.  The  power  supplied  to  the  generator  can  be 
considered  the  same  as  the  boiler  in  the  first  case.  All  the  current 
which  passes  from  the  main  to  the  return  must  flow  through  the  heater, 
and  in  so  doing  its  pressure  or  voltage  falls  from  that  of  the  main 
to  that  of  the  return. 

From  the  generator  shown  in  Fig.  IGO,  main  and  return  wires 
are  run  the  same  as  in  a  two-pipe  system  of  steam  heating,  and  these 
are  proportioned  to  carry  the  required  current  without  sensible  drop 
or  loss  of  pressure.  Between  these  wires  are  placed  the  various 
heaters,  which  are  arranged  so  that  when  electric  connection  is  made 
they  draw  the  current  from  the  main  and  discharge  it  into  the  return 
wire.  Connections  are  made  and  broken  by  switches,  which  take  the 
place  of  valves  on  steam  radiators. 

Cost  of  Electric  Heating.  The  ex])ense  of  electric  heating  must 
in  every  case  be  great,  unless  the  electricity  can  be  supplied  at  an 
exceedingly  low  cost.  Estimated  on  the  basis  of  present  practice, 
the  average  transformation  into  electricity  does  not  account  for  more 
than  4  per  cent  of  the  energy  in  the  fuel  which  is  burned  in  the  furnace. 
Although  under  best  conditions  15  per  cent  has  been  realized,  it 
would  not  be  safe  to  assume  that  in  ordinary  practice  more  than  5 
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per  cent  could  be  transformed  into  electrical  energy.  In  heating 
with  steam,  hot  water,  or  hot  air,  the  average  amount  utilized  will 
probably  be  about  60  per  cent,  so  that  the  expense  of  electrical  heating 
is  approximately  from  12  to  15  times  greater  than  by  these  methods. 

TEMPERATURE   REGULATORS 

The  principal  systems  of  automatic  temperature  control  now  in 
use,  consist  of  three  essential  features;  First,  an  air-compressor, 
reservoir,    and    distributing    pipes;  second,    thermostats,    which    are 


Fig.  136.    G-eneral  System  of  Wiring  a  House  for  Electric  Heating. 

placed  in  the  rooms  to  be  regulated;  and  third,  special  diaphragm  or 
pneumatic  valves  at  the  radiators. 

The  air-compressor  is  usually  operated  by  water-pressure  in 
small  plants  and  by  steam  in  larger  ones ;  electricity  is  used  in  some 
cases.  Fig.  167  shows  a  form  of  water  compressor.  It  is  similar 
in  principle  to  a  direct-acting  steam  pump,  in  which  water  under 
pressure  takes  the  place  of  steam.  A  piston  in  the  upper  cvlinder 
compresses  the  air,  which  is  stored  in  a  reservoir  provided  for  the 
purpose,     ^\h.en  the  pressure  in  the  reservoir  drops  below  a  certain 
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point,   the   compressor  is  started   automatically,   and   continues  to 
operate  until  the  pressure  is  brought  up  to  its  working  standard. 

A  thermostat  is  simply  a  mechanism  for  opening  and  closing 
one  or  more  small  valves,  and  is  actuated  by  changes  in  the  tempera- 


Fig.  IfiT.  Air-Compressor  Operated  by  Wa- 
ter-Pressure, Automatically  routi-olled. 
and  Operating  to  Regulate  Temperature 
by  Controlling  Radiator  Valves. 


Fig.  168.  Thermostat  Controlling  Valves 
on  Radiators,  and  Ojjerating  through  Ex- 
pansion or  Contraction  of  Metal  Sti'ip  E. 


ture  of  the  air  in  which  it  is  placed.  Fig.  108  shows  a  thermostat 
in  which  the  valves  are  operated  by  the  expansion  and  contraction 
of  the  metal  strip  E.  The  degree  of  temperature  at  which  it  acts 
may  be  adjusted  by  throwing  the  pointer  at  the  bottom  one  way  or 
the  other.     Fig.  169  shows  the  same  thermostat  with  its  ornamental 
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casing  in  place.  The  thermostat  shown  in  Fig.  170  operates  on 
a  somewhat  different  principle.  It  consists  of  a  vessel  separated  into 
two  chambers  by  a  metal  diaphragm. 
One  of  these  chambers  is  partially 
filled  with  a  liquid  which  will  boil 
at  a  temperature  below  that  desired 
in  the  room.  The  vapor  of  the 
liquid  produces  considerable  pres- 
sure at  the  normal  temperature  of 
the  room,  and  a  slight  increase  of 
heat  crowds  the  diaphragin  over 
and  operates  the  small  valves  in  a 
manner  similar  to  that  of  the  metal 
strip  in  the  case  just  described. 

The  general  form  of  a  dia- 
phragm valve  is  shown  in  Fig.  171. 
These  replace  the  usual  hand-valves 
at  the  radiators.  They  are  similar 
in  construction  to  the  ordinary 
globe  or  angle  valve,  except  that 
the  stem  slides  up  and  down  in- 
stead of  being  threaded  and  run- 
ning in  a  nut.  The  top  of  the  stem 
connects  with  a  flat  plate,  which 
rests  against  a  rubber  diaphragm. 
The  valve  is  held  open  by  a  spring, 
as  shown,  and  is  closed  by  admit- 
ting compressed  air  to  the  space 
above  the  diaphragm. 

In  connecting  up  the  system, 
small  concealed  pipes  are  carried 
from  the  air-reservoir  to  the  ther- 
mostat, which  is  placed  upon  an 
inside  wall  of  the  room,  and  from 
there  to  the  diaphragm  valve  at 
the  radiator.  "\Mien  the  temperature  of  the  room  reaches  the  maxi- 
mum point  for  which  the  thermostat  is  set,  its  action  opens  a  small 
valve  and  admits  air-pressure  to  the  diaphragm,  thus  closing  off  the 


Fig.  169.    Thermostat  of  Fig.  168  in 
Ornamental  Casing. 


901 


192 


HEATING  AND  VENTILATION 


steam  from  the  radiator.  When  the  temperature  falls,  the  thermostat 
acts  in  the  opposite  manner,  and  shuts  off  the  air-pressure  from  the 
diaphragm  valve,  at  the  same  time  opening  a  small  exhaust  which 
allows  the  air  above  the  diaphragm  to  escape.  The  pressure  being 
removed,  the  valve  opens  and  again  admits  steam  to  the  radiator. 

Diaphragm  Motors.  Dampers  are  operated  pneumatically  in 
a  similar  manner  to  steam  valves.  A  diaphragm  motor,  so  called,  is 
acted  upon  by  the  air-pressure;  and  this  lifts  a  lever  which  is  properly 
connected  to  the  damper  by  means  of  chains  or  levers,  thus  securing 
the  desired  movement. 

Dampers.  When  mixing  dampers  are  operated  pneumatically, 
a  specially  designed  thermostat  for  giving  a  graduated  movement 


Fig.  170,    Thermostat  Operating  through  Expansion  or  Couiracliou  of  the  Vapor 

of  a  Vohitile  Liquid. 

to  the  damper  should  be  used.  By  this  arrangement  the  damper 
is  held  in  such  a  position  at  all  times  as  to  admit  the  proper  proportions 
of  hot  and  cold  or  tempered  air  for  producing  the  desired  temperature 
in  the  room  with  which  it  is  connected. 

Large  dampers  which  are  to  be  operated  pneumatically,  should 
be  made  up  in  sections  or  louvres.  Dampers  constructed  in  this 
manner  are  handled  much  more  easily  than  when  made  in  a  single 
piece. 

It  often  happens,  in  large  plants,  that  there  are  valves  and 
dampers  in  places  which  are  not  easily  reached  for  hand  manipula- 
tion. These  may  be  provided  with  diaphragms  and  connected  with 
the  air-pressure  system  for  operation  by  hand-switches  or  cocks 
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conveniently  located  at  some  central  point  in  the  basement  or  boiler 
room. 

Telethermometer.  This  is  a  device  for  indicating  on  a  dial 
at  some  central  point  the  temperature  of  various  rooms  or  ducts  in 
different  parts  of  a  building.  A  special  transmitter  is  placed  in  each 
of  the  rooms  and  electrically  connected  with  a  central  switchboard. 
Then,  bv  means  of  suitable  switches,  anv  room  mav  be  thrown  in 
circuit  with  the  recorder,  and  the  temperature  existing  in  the  room 
at  that  time  read  from  the  dial. 


Fig.  171.    Exterior  View,  and  Section  Showing  Interior  Mechanism  of  Diaphragm  Valve. 

Humidostat.  The  humidostat  is  a  device  to  be  placed  in  one  or 
more  rooms  of  a  building  for  maintaining  an  even  percentage  of 
moisture  in  the  air.  The  apparatus  consists  of  two  essential  parts — 
the  humidostat  and  the  humidifier.  The  former  corresponds  to  the 
thermostat  in  a  system  of  temperature  control,  and  operates  a  pneu- 
matic valve  or  other  mechanism  connected  with  the  humidifier  when 
the  percentage  of  moisture  rises  above  or  falls  below  certain  limits. 
The  operating  medium  is  compressed  air,  the  same  as  for  tempera- 
ture control ;  and  the  two  devices  are  usuallv  connected  with  the  same 
pressure  system. 
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The  normal  moisture  of  a  room  is  70  per  cent,  and  should  never 
exceed  that.  In  cold  weather  it  will  be  necessary  to  reduce  the 
amount  of  moisture  somewhat,  owing  to  the  "sweating"  of  walls  and 
windows. 

The  method  of  moistening  the  air  will  depend  somewhat  upon 
circumstances.     If  the  air  for  ventilation  is  delivered  to  the  rooms  at' 
a  temperature  not  exceeding  70  degrees,  the  humidifier  is  best  placed 
in  the  main  air-duct.     If  the  air  enters  at  a  higher  temperature,  the 
humidifier  must  be  located  in  the  same  room  with  the  humidostat. 

The  moistener  or  humidifier  may  be  of  any  one  of  several  forms. 
Where  steam  heating  is  used,  and  where  the  steam  is  clean  and  odor- 
less and  free  from  oil  from  engines,  a  perforated  pipe  (or  pipes)  in  the 
air-duct  is  the  simplest  and  best  humidifier.  The  outlets  are  properly 
adjusted,  and  then  the  humidostat  shuts  off  and  lets  on  the  steam 
a's  required.  Sometimes  a  water  spray,  particularly  of  warm  water, 
may  be  used  in  place  of  steam.  When  neither  steam  jet  nor  water 
spray  is  advisable,  an  evaporating  pan  containing  a  steam  coil  may 
be  used,  the  humidostat  controlling  the  steam  to  the  coil,  and  the 
water-level  in  the  pan  being  kept  constant  by  means  of  a  ball-cock. 

AIR=FILTERS  AND  AIR=WASHERS 

In  cases  where  the  air  for  ventilating  purposes  is  likely  to  contain 
soot  or  street  dust,  it  is  desirable  to  provide  some  form  of  filter  for 
purifying  it  before  delivering  to  the  rooms.  If  the  air-quantity  is 
small  and  there  is  plenty  of  room  between  the  inlet  windows  and 
the  fan,  screens  of  light  cheesecloth  may  be  used  for  this  purpose. 
The  cloth  should  be  tacked  to  light  but  substantial  wooden  frames, 
which  can  be  easily  removed  for  frequent  cleaning.  These  screens  are 
usually  set  up  in  "saw-tooth"  fashion  in  order  to  give  as  much  sur- 
face as  possible  in  the  least  space. 

Another  arrangement,  used  in  case  of  large  volumes  of  air, 
is  to  provide  a  number  of  light  cloth  bags  of  considerable  length, 
through  which  the  air  is  drawn  before  reaching  the  heater.  These  are 
fastened  to  a  suitable  frame  or  partition  for  holding  them  open.  The 
great  objection  to  filters  of  this  kind  is  their  obstruction  to  the  passage 
of  the  air,  especially  when  filled  with  dust,  the  frequent  intervals  at 
which  they  should  be  cleaned,  and  the  great  amount  of  filtering  sur- 
face required. 


204 


HEATING  AND  VEXTILATIOX 


195 


-JKhp^innahrt^ 


X 


s. 


An  apparatus  which  is 
coming  quite  generally  into 
use  for  this  purpose,  and 
which  does  away  with  the 
disadvantages  noted  above, 
is  the  sfraij  filter  or  air- 
washer,  one  form  of  which 
is  shown  in.  Fii;.  172.  Air 
enters  as  indicated,  and 
first  passes  through  a  tem- 
pering coil  to  raise  it  above 
the  freezing  point  in  win- 
ter weather;  then  passes 
through  the  spray-chamber, 
where  the  dirt  is  removed; 
then  through  an  eliminator 
for  removing  the  water; 
and  then  through  a  second 
heater  on  its  way  to  the 
fan. 

The  water  is  forced 
through  the  spray-heads 
by  means  of  a  small  cen- 
trifugal pump,  either  belted 
to  the  fan  shaft  or  driven 
by  an  independent  motor. 

HEATING  AND 
VENTILATION  OF 
VARIOUS  CLASSES 
OF    BUILDINGS 

The  different  methods 
used  in  heating  and  venti- 
lation, together  with  the 
manner  of  computing  the 
various  proportions  of  the 
apparatus,    having   been 
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taken  up,  the  application  of  these  systems  to  the  different  classes 
of  buildings  will  now  be  considered  briefly. 

School  Buildings.  For  school  buildings  of  small  size,  the  furnace 
system  is  simple,  convenient,  and  generally  effective.  Its  use  is  con- 
fined as  a  general  rule  to  buildings  having  not  more  than  six  or  eight 
rooms.  For  large  ones  this  method  must  generally  give  way  to  some 
form  of  indirect  steam  system  with  one  or  more  boilers,  which  occupy 
less  space,  and  are  more  easily  cared  for  than  a  number  of  furnaces 
scattered  about  in  different  parts  of  the  basement.  As  in  all  systems 
that  depend  on  natural  circulation,  the  supply  and  removal  of  air  is 
considerably  affected  by  changes  in  the  outside  temperature  and  by 
winds. 

The  furnaces  used  are  generally  built  of  cast  iron,  this  material 
being  durable,  and  easily  made  to  present  large  and  effective  heating 
surfaces.  To  adapt  the  larger  sizes  of  house-heating  furnaces  to 
schools,  a  much  larger  space  must  be  provided  between  the  body  and 
the  casing,  to  permit  a  sufficient  volume  of  air  to  pass  to  the  rooms. 
The  free  area  of  the  air-passage  should  be  sufficient  to  allow  a  velocity 
of  about  400  feet  per  minute. 

The  size  of  furnace  is  based  on  the  amount  of  heat  lost  by  radia- 
tion and  conduction  through  walls  and  windows,  plus  that  carried 
away  by  air  passing  up  the  ventilating  flues.  These  quantities  may 
be  computed  by  the  usual  methods  for  "loss  of  heat  by  conduction 
through  walls,"  and  "heat  required  for  ventilation."  With  more 
regular  and  skilful  attendance,  it  is  safe  to  assume  a  higher  rate  of 
combustion  in  schoolhouse  heaters  than  in  those  used  for  warming 
residences.  Allowing  a  maximum  combustion  of  G  pounds  of  coal 
per  hour  per  square  foot  of  grate,  and  assuming  that  8,000  B.  T.  U. 
per  pound  are  taken  up  by  the  air  passing  over  the  furnace,  we  have 
6  X  8,000  =  48,000  B.  T.  U.  furnished  per  hour  per  square  foot  of 
grate.  Therefore,  if  we  divide  the  total  B.  T.  U.  required  for  both 
warming  and  ventilation  by  48,000,  it  will  give  us  the  necessary  grate 
surface  in  square  feet.  It  has  been  found  in  practice  that  a  furnace 
with  a  firepot  32  inches  in  diameter,  and  having  ample  heating  surface, 
is  capable  of  heating  two  50-pupil  rooms  in  zero  weather.  The  sizes 
of  ducts  and  flues  may  be  determined  by  rules  already  given  under 
furnace  and  indirect  steam  heating. 

The  velocity  of  the  warm  air  within  the  uptake  flues  depends 
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upon  their  height  and  the  difference  in  temperature  between  the 
warm  air  within  the  flues  and  the  cold  air  outside.  The  action  of 
the  wind  also  affects  the  velocity  of  air-flow.  It  has  been  found  by 
experience  that  flues  having  sectional  areas  of  about  6  square  feet  for 
first-floor  rooms,  5  square  feet  for  the  second  floor,  and  4V  square  feet 
for  the  third,  will  be  of  ample  size  for  standard  classrooms  seating 
from  40  to  50  pupils  in  primary  and  grammar  schools.  These  sizes 
may  be  used  for  both  furnace  and  indirect  gravity  steam  heating. 

The  vent  flues  may  be  made  5  square  feet  for  the  first  floor,  and 
6  square  feet  for  the  second  and  third  floors.  They  may  be  ar- 
ranfi^ed  in  banks,  and  carried  through  the  roof  in  the  form  of  larjje 
chimneys,  or  may  be  carried  to  the  attic  space  and  there  gathered 
by  means  of  galvanized-iron  ducts  connecting  with  roof  vents  of 
wood  or  copper  construction. 

In  order  to  make  the  vent  flues  "draw"  sufficiently  in  mild  or 
heavy  weather,  it  is  necessary  to  provide  some  means  for  warming 
the  air  within  them  to  a  temperature  somewhat  above  that  of  the 
rooms  with  which  they  connect.  This  may  be  done  by  placing  a 
small  stove  made  specially  for  the  purpose,  at  the  base  of  each  flue. 
If  this  is  done,  it  is  necessary  to  carry  the  air  down  and  connect  with 
the  flue  just  below  the  stove. 

The  cold-air  supply  duct  to  each  furnace  should  be  made  f 
the  size  of  all  the  warm-air  flues  if  free  from  bends,  or  the  full 
size  if  obstructed  in  any  way. 

The  inlet  and  outlet  openings  from  the  rooms  into  the  flues,  are 
commonly  provided  with  grilles  of  iron  wire  having  a  mesh  of  2  to  2^ 
inches.  Both  flat  and  square  wire  are  used  for  this  purpose.  Mixing 
dampers  for  regulating  the  temperature  of  the  rooms  should  be  pro- 
vided for  each  flue.  The  effectiveness  of  these  dampers  will  depend 
largely  upon  their  construction;  and  they  should  be  made  tight 
against  cold-air  leakage,  by  covering  the  surfaces  or  flanges  against 
which  they  close  with  some  form  of  asbestos  felting.  Both  inlet  and 
outlet  gratings  should  be  provided  with  adjustable  dampers.  One  of 
the  disadvantages  of  this  system  is  the  delivery  of  all  the  heat  to  the 
room  from  a  single  point,  and  this  not  always  in  a  position  to  give  the 
best  results.  The  outer  walls  are  thus  left  unwarmed,  except  as  the 
heat  is  diffused  throughout  the  room  by  air-currents.  When  there  is 
considerable  glass  surface,  as  in  most  of  our  modern  schoolrooms, 
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draughts  and  currents  of  cold  air  are  fre(|ueutly  found  alon.^,;  the  out- 
side walls. 

The  indirect  (;-ravity  system  of  steam  heating  comes  next  in  cost 
of  installation.  One  important  advantage  of  this  system  over  furnace 
heating  comes  from  the  ability  to  place  the  heating  coils  at  the  base 
of  the  flues,  thus  doing  away  with  horizontal  runs  of  air-pipe,  which 
are  required  to  some  extent  in  furnace  heating.  The  warm-air 
currents  in  the  flues  are  less  affected  by  variations  in  the  direction  and 
force  of  the  wind  where  this  construction  is  possible,  and  this  is  of 
much  importance  in  exposed  locations. 

The  method  of  supplying  cold  air  to  the  coils  or  heaters  is  im- 
portant, and  should  be  carefully  worked  out.  The  supply  should  be 
taken  from  at  least  two  sides  of  the  building,  or,  if  possible,  from  all 
four  sides.  When  it  is  taken  from  four  sides,  each  inlet  should  be 
made  large  enough  to  supply  one-half  the  amount,  or,  in  other  words, 
any  two  should  give  the  total  quantity  required.  It  is-  often  possible 
to  arrange  the  flues  in  groups  so  that  all  the  heating  stacks  may  be 
placed  in  two  or  more  cold-air  chambers,  depending  upon  the  size 
of  the  building.  A  cold-air  trunk  line  may  be  run  through  the  center 
of  the  basement,  connecting  with. the  outside  on  all  four  sides,  and 
having  branches  supplying  each  cold-air  chamber. 

Cast-iron  pin-radiators  are  particularly  ada})ted  to  this  class 
of  work. 

The  School-Pin,  having  a  section  about  10  inches  in  depth  and 
rated  at  15  square  feet  of  heating  surface  per  section,  is  used  quite 
extensively  for  this  purpose.  Stacks  containing  about  240  square 
feet  of  surface  for  southerly  rooms,  and  260  for  those  having  a  north- 
erly exposure,  have  been  found  ample  for  ordinary  conditions  in  zero 
weather. 

A  very  satisfactory  arrangement  is  the-  use  of  indirect  heaters 
for  warming  the  air  needed  for  ventilation,  and  the  placing  of  direct 
radiation  in  the  rooms  for  heating  purposes.  The  general  construc- 
tion of  the  indirect  stacks  and  flues  may  be  the  same;  but  the  heating 
surface  can  be  reduced,  as  the  air  in  this  case  must  be  raised  only  to 
70  or  75  degrees  in  zero  weather,  the  heat  to  offset  that  lost  by  con- 
duction, etc.,  through  walls  and  windows  being  provided  by  the 
direct  surface.  The  mixing  dampers  may  be  oriiitted,  and  the  tem- 
perature of  the  room  regulated  by  opening  or  closing  the  steam  valves 
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on  the  direct  coils,  which  should  be  done  automatically.  The  direct- 
heating  surface,  which  is  best  made  up  of  lines  of  11-inch  pipe,  should 
be  placed  along  the  outer  walls  beneath  the  windows  This  supplies 
heat  where  most  needed,  and  does  away  with  the  tendency  to  draughts. 
In  mild  weather,  during  the  spring  and  fall,  the  indirect  heaters  may 
prove  sufficient  for  both  ventilation  and  warming. 

Where  direct  radiation  is  placed  in  the  rooms,  the  quantity  of 
heat  supplied  is  not  affected  by  varying  wind  conditions,  as  is  the 
case  in  indirect  heating.  Although  the  air-supply  may  be  reduced 
at  times,  the  heat  quantity  is  not  changed.  Direct  radiation  has  the 
disadvantage  of  a  more  or  less  unsightly  appearance,  and  architects 
and  owners  often  object  to  the  running  of  mains  or  risers  through 
the  rooms  of  the  building.  Air-valves  should  always  be  provided 
with  drip  connections  carried  to  a  sink  or  dry  well  in  the  basement. 

When  circulation  coils  are  used,  a  good  method  of  drainage  is 
to  carry  separate  returns  from  each  coil  to  the  basement,  and  to  place 
the  air-valves  in  the  drops  just  below  the  basement  ceiling.  A  check- 
valve  should  be  placed  below  the  water-line  in  each  return. 

The  gravity  system  has  the  fault  of  not  supplying  a  uniform 
quantity  of  air  under  all  conditions  of  outside  temperature,  the  same 
as  a  furnace,  but  when  properly  arranged,  may  be  made  to  give  quite 
satisfactory  results.  ^ 

The  fan  or  blower  system  for  ventilation,  with  direct  radiation 
in  the  rooms  for  warming,  is  considered  to  be  one  of  the  best  possible 


arrangements. 


In  designing  a  plant  of  this  kind,  the  main  heating  coil  should 
be  of  sufficient  size  to  warm  the  total  air-supply  to  70  or  75  degrees 
in  the  coldest  weather,  and  the  direct  surface  should  be  proportioned 
for  heating  the  building  independently  of  the  indirect  system.  Auto- 
matic temperature  regulation  should  be  used  in  connection  with 
systems  of  this  kind,  by  placing  pneumatic  valves  on  the  direct  radia- 
tion. It  is  customary  to  carry  from  3  to  8  pounds  pressure  on  the 
direct  system,  and  from  S  to  15  pound^^  on  the  main  coil,  depending 
upon  the  outside .  temperature.  The  foot-warmers,  vestibule,  and 
office  heaters  should  be  placed  on  a  separate  line  of  piping,  with 
separate  returns  and  trap,  so  that  they  can  be  used  independently 
of  the  rest  of  the  building  if  desired.  Where  there  is  a  large  assembly 
hall,  it  should  be  arranged  so  that  it  can  be  both  warmed  and  venti- 
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latecl  when  the  rest  of  the  building  is  shut  oti'.  This  can  be  done  by  a 
proper  arrangement  of  valves  and  dampens. 

When  different  parts  of  the  system  are  run  on  different  pressures, 
the  returns  from  each  should  discharge  through  separate  traps  into 
a  receiver  having  connection  with  the  atmosphere  by  means  of  a  vent 
pipe.  Fig.  173  .shows  a  common  arrangement  for  the  return  con- 
nections in  a  combination  system  of  this  kind.  The  different  traps 
discharge  into  the  vented  receiver  as  shown ;  and  the  water  is  pumped 
back  to  the  boiler  automatically  when  it  ri.ses  above  a  given  level  in 
the  receiver,  a  pump  governor  being  used  to  start  and  stop  the  pumps 
as  required. 

A  water-level  Or  seal  of  suitable  height  is  maintained  in  the  main 
returns,  by  placing  the  trap  at  the  required  elevation  and  bringing 
the  returns  into  it  near  the  bottom;  a  balance  pipe  is  connected  with 
the  top  for  equalizing  the  pressure,  the  same  as  in  the  case  of  a  pump 
governor.  Sometimes  a  fan  is  used  with  the  heating  coils  placed  at 
the  base  of  the  flues,  instead  of  in  the  rooms.  Where  this  is  done 
the  radiating  surface  may  be  reduced  al)out  one-half.  This  system 
is  less  expensive  to  install,  but  has  the  disadvantage  of  removing  the 
heating  surface  from  the  cold  walls,  where  it  is  most  needed. 

With  a  blower  type  of  fan,  the  size  of  the  main  ducts  may  be 
based  on  a  velocity  of  from  1,000  to  1,200  feet  per  minute,  and  the 
branches  on  a  velocity  of  800  to  1,000  feet  per  minute. 

The  velocity  in  the  vertical  flues  may  be  from  600  to  700  feet  per 
minute,  althougJi  the  lower  velocity  is  preferable. 

The  size  of  the  inlet  registers  should  be  such  that  the  velocity 
of  the  entering  air  will  not  exceed  350  to  400  feet  per  minute. 

When  the  air  is  delivered  through  a  register  at  the  high  velocities 
mentioned,  some  means  must  be  provided  for  diffusing  the  entering 
current,  in  order  to  prevent  disagreeable  draughts.  This  is  usually 
accomplished  by  the  use  of  deflecting  blades  of  galvanized  iron,  set 
in  a  vertical  position  and  at  varying  angles,  so  that  the  air  is  thrown 
towards  each  side  as  it  issues  from  the  register.  The  size  of  the 
vent  flues  should  be  about  the  same  as  for  a  gravity  system — that  is, 
about  6  square  feet  for  a  standard  classroom,  and  in  the  same  pro- 
portion for  smaller  rooms. 

Vent-flue  heaters  are  not  usually  required  in  connection  with  a 
fan  system,  as  the  force  of  the  fan  is  sufficient  to  supply  the  required 
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quantity  of  air  at  all  times  without  the  aspirating  effect  of  the  vent 

flues. 

The  nu'thod  of  piping  shown  in  Fig.  173  applies  especially  to 
buildings  of  large  size.  In  the  case  of  medium-sized  buildings,  it 
is  often  possible  to  use  pin  radiation  for  the  main  heater,  placing  the 
same  well  above  the  water-line  of  the  boilers  and  thus  returning  the 
condensation  by  gravity,  without  the  use  of  pumps  or  traps.  When 
this  arrangement  is  used,  an  engine  with  a  large  cylinder  should  be 
employed,  so  that  the  steam  pressure  will  not  exceed  15  or  18  pounds, 
and  the  whole  system,  including  the  direct  surface,  may  be  run  upon 
the  same  system. 

This  is  a  very  simple  arrangement,  and  is  adapted  to  all  build- 
ino-s  of  small  and  medium  size  where  the  heater  can  \)v  placed  at  a 
sufficient  height  above  the  boilers. 

Temperature  control  is  usually  secured  automatically  by  placing 
pneumatic  valves  upon  either  the  direct  or  supplementary  heaters. 
Mixing  dampers  are  sometimes  used  instead,  in  the  latter  case.  Every 
fan  system  should  be  provided  with  a  thermometer  of  large  size  for 
indicating  the  temperature  of  the  air  in  the  main  duct  just  beyond 
the  fan. 

The  ventilation  of  the  toilet-rooms  of  a  school  building  is  a 
matter  of  the  greatest  importance.  The  first  requirement  is  that  the 
air-movement  shall  be  into  these  rooms  from  the  corridors  instead  of 
outward.  To  obtain  this  result,  it  is  necessary  to  produce  a  slight 
vacuum  within,  and  this  cannot  well  be  done  if  fresh  air  is  forced 
into  them. 

One  of  the  most  satisfactory  arrangements  is  to  provide  exhaust 
ventilation  only,  and  to  remove  the  greater  part  of  the  air  through 
local  vents  connecting  with  the  fixtures. 

Hospitals.  The  best  system  for  heating  and  ventilating  a  hos- 
pital depends  upon  the  character  and  arrangement  of  the  buildings. 
It  is  desirable  in  all  cases  to  do  the  heating  from  a  central  plant, 
rather  than  to  carry  fires  in  the  separate  buildings,  both  on  account 
of  economy  and   for  cleanliness. 

In  the  case  of  small  cottage  hospitals  with  two  or  three  buildings 
placed  close  together,  indirect  hot  water  affords  a  desirable  system  for 
the  wards,  with  direct  heat  for  the  other  rooms;  but. where  there  are 
several  buildings,  and  especially  if  they  are  some  distance  apart,  it 
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becomes  necessary  to  substitute  steam  imless  the  \yater  is  pumped 
through  the  mains.  For  hirge  city  buildings,  a  fan  system  is  always 
desirable. 

If  the  building  is  tall  compared  with  its  ground  area,  so  that 
the  liorizontal  supply  ducts  will  be  comparatively  short,  the  double- 
duct  system  may  be  used  with  good  results.  Where  the  rooms  are 
of  good  size,  and  the  number  of  supply  flues  not  great,  the  use  of 
supplementary  heaters  at  the  bases  of  the  flues  makes  a  satisfactory 
arrangement.  Direct  radiation  should  never  be  used  in  the  wards 
when  it  can  be  avoided,  even  in  connection  with  an  independent  air- 
supply,  as  it  offers  too  great  an  opportunity  for  the  accumulation  of 
dust  in  places  which  are  difficidt  to  reach. 

It  is  common  to  provide  from  SO  to  100  cubic  feet  of  air  per 
minute  per  patient  in  ordinary  wards,  and  from  100  to  120  cubic  feet 
in  contagious  wards. 

The  usual  ward  building  of  a  modern  cottage-hospital  generally 
contains  a  main  ward  having  from  S  to  12  beds,  and  a  number  of 
private  rooms  of  one  bed  each. 

In  addition  to  these,  there  are  a  diet  kitchen,  duty-room,  toilet- 
rooms,   l)athrooms,   linen-closets,   and   lockers. 

For  moderately  sheltered  locations,  30  square  feet  of  indirect 
steam  radiation  has  been  found  sufficient  in  zero  weather  for  a  sino-le 
ward  with  one  exposed  wall  and  a  single  window,  when  upon  the 
south  side  of  the  building. 

For  northerly  rooms,  40  square  feet  should  be  used.  In  exposed 
locations,  the  heaters  may  be  made  40  and  50  square  feet  for  north 
and  south  rooms  respectively.  The  standard  pin-radiators  rated  at 
10  square  feet  of  heating  siu'face  per  section,  are  commonly  used  for 
this  purpose.  In  case  hot  water  is  used,  the  same  number  of  sections 
of  the  deep-pin  pattern  rated  at  15  square  feet  each  may  be  employed, 
making  a  total  of  45  and  60  square  feet  per  room.  For  corner  rooms 
having  two  exposed  walls  and  two  windows,  the  amount  of  radiation 
should  be  increased  about  50  per  cent  over  that  given  above. 

The  wards  are  usually  furnished  with  fireplaces  which  provide 
for  the  discharge  ventilation.  In  case  the  fireplaces  are  omitted,  a 
special  vent  flue,  either  of  brick  or  of  galvanized  iron,  should  be  pro- 
vided. These  should  not  be  less  than  8  by  12  inches  for  single  wards, 
and  the  equivalent  for  each  bed  in  a  large  ward.     Efich  flue  of  this 
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kind  should  have  a  l(X)p  of  steam  pipe  for  pro(kicing  a  draught.  A 
loop  of  1-inch  pipe,  10  or  12  feet  in  height,  is  usually  sufficient  for 
this  purpose. 

Other  rooms  than  wards  are  usually  heated  with  direct  radia- 
tors, the  sizes  of  which  may  be  computed  in  the  same  manner  as  for 
dwelling-houses. 

Steam  tables  for  the  kitchen,  sterilizers,  and  laundry  machinery, 
require  higher  pressures  than  is  necessary  for  heating. 

In  large  plants  the  boilers  are  usually  run  at  high  pressure,  and 
the  pressure  reduced  for  heating.  A  good  arrangement  for  small 
plants  is  to  provide  sufficient  boiler  power  for  warming  and  ventilating 
purposes,  and  run  at  a  pressure  of  3  to  5  pounds.  In  addition  to 
this,  a  small  high-pressure  boiler  carrying  70  or  80  pounds  should  be 
furnished  for  laundry  work  and  water  heating. 

Churches.  Churches  may  be  warmed  by  furnaces,  by  indirect 
steam,  or  by  means  of  a  fan.  For  small  buildings  the  furnace  is 
more  commonly  used.  This  apparatus  is  the  simplest  of  all  and  is 
comparatively  inexpensive.  Heat  may  be  generated  cjuickly,  and 
when  the  fires  are  no  longer  needetl,  they  may  be  allowed  to  go  out 
without  danger  of  damage  to  any  part  of  the  system  from  freezing. 

It  is  not  usually  necessary  that  the  heating  apparatus  be  large 
enough  to  warm  the  entire  building  at  one  time  to  70  degrees  with 
frequent  change  of  air.  If  the  building  is  thoroughly  warmed  before 
occupancy,  either  by  rotation-  or  by  a  slow  inward  movement  of 
outside  air,  the  chapel  or  Sunday-school  room  may  be  shut  off  until 
near  the  close  of  the  service  in  the  auditorium,  when  a  portion  of  the 
warm  air  may  be  turned  into  it.  When  the  service  ends,  the  switch- 
damper  is  opened  wide,  and  all  the  air  is  discharged  into  the  Sunday- 
school  room.  The  position  of  the  warm-air  registers  will  depend 
somewhat  upon  the  construction  of  the  building,  but  it  is  well  to  keep 
them  near  the  outer  walls  and  the  colder  parts 'of  the  room.  Large 
inlet  registers  should  be  placed  in  the  floor  near  the  entrance  doors, 
to  stop  cold  draughts  from  blowing  up  the  aisles  when  the'  doors  are 
opened,  and  also  to  be  used  as  foot-warmers. 

Ceiling  ventilators  are  generally  provided,  but  should  be  no 
larger  than  is  necessary  to  remove  the  products  of  combustion  from 
the  gaslights,  etc.  If  too  large,  much  of  the  warmest  and  purest 
air  will  escape  through  them.     The  main  vent  flues  should  be  placed 
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in  or  near  the  floor  and  should  be  connected  with  a  vent  shaft  leading; 
outboard.  This  flue  should  be  provided  with  a  small  stove  or  flue 
heater  made  specially  for  this  purpose.  In  cold  weather  the  natural 
(lrau<j:ht  will   l)c   found   .sufficient  in   most  cases. 

The  same  general  rules  are  to  be  followed  in  the  case  of 
indirect  steam  as  have  been  described  for  furnace  heating.  The 
stacks  are  placed  beneath  the  registers  or  flues,  and  mixing  dampers 
provided.  If  there  are  large  windows,  flues  should  be  arranged  to 
open  in  the  window-sills,  so  that  a  sheet  of  warm  air  may  be  delivered 
in  front  of  the  windows,  to  counteract  the  effects  of  cold  down-draughts 
from  the  exposed  glass.  These  flues  may  usually  be  made  3  or  4 
inches  in  depth,  and  should  extend  the  entire  width  of  the  window. 
Small  rooms,  such  as  vestibules,  library,  pastor's  room,  etc.,  are  usually 
heated  with  direct  radiators.  Rooms  which  are  used  durino-  the 
week  are  often  connected  with  an  independent  heater  so  that  they 
may  be  warmed  without  running  the  large  boilers,  as  would  otherwise 
be  necessary. 

When  a  fan  is  used,  it  is  desirable,  if  possible,  to  deliver  the  air 
to  the  auditorium  through  a  large  number  of  small  openings.  This 
is  often  done  by  constructing  a  shallow  box  under  each  pew,  runnino- 
its  entire  length,  and  connecting  it  with  the  distributing  ducts  or  a 
plenum  space  by  means  of  a  pipe  from  below.  The  air  is  delivered 
at  a  low  velocity  through  a  long  slot,  as  shown  in  Fig.  174. 

The  warm-air  flues  in  the  window-sills  should  be  retained,  but 
may  be  made  shallower,  and  the  air  forced  in  at  a  high  velocity. 

If  the  auditorium  has  a  sloping  floor,  a  plenum  space  may  be 
provided  between  the  upper  or  raised  portion  and  the  main  floor. 
Sometimes  a  shallow  basement  3  or  4  feet  in  height,  with  a  cemented 
floor,  and  extendiiig  under  the  entire  auditorium,  is  used  as  an  air 
or  plenum  space. 

If  the  basement  is  of  good  height  and  used  for  storage  or  other 
purposes,  it  is  necessary  to  carry  galvanized-iron  ducts  at  the  ceiling 
under  the  center  of  each  double  row  of  pews,  and  to  connect  with 
each  pair  by  means  of  branch  uptakes.     The  size  of  these  should' 
be  equal  to  3  or  4  square  inches  for  each  occupant. 

Another  method  is  to  supply  the  air  through  a  small  register  in 
the  end  of  each  pew.  This  simplifies  the  pew  construction  some- 
what, but  otherwise  is  not  so  satisfactory  as  the  preceding  method. 
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If  the  special  pew  construction  is  too  expensive,  or  for  any  other 
reason  cannot  well  be  used,  and  the  fan  is  to  be  retained,  the  greater 
part  of  the  air  is  best  introduced  through  wall  "registers  placed  about 
S  feet  above  the  floor,  with  exhaust  openings  at  or  near  the  floor. 
By  this  arrangement  the  air  is  thrown  horizontally  toward  the  center 
of  the  church,  and  much  of  it  falls  to  the  breathing  level  without 
rising  to  the  upper  part  of  the  room. 

Halls.  The  treatment  of  a  large  audience  hid!  is  similar  to  that 
of  a  church,  the  warming  being  usually  done  in  one  of  the  three  ways 
already  described.     ^Vhere  a  fan  is  used,  the  air  is  commonly  tlelivered 

through  wall  registers  placed  in 
part  near  the  floor,  and  partly  at  a 
height  of  7  or  8  feet  above  it.  They 
should  l)e  made  of  ample  size, 
so  that  there  will  be  freedom  from 
draughts.  A  part  of  the  vents 
should  be  placed  in  the  ceiling, 
and  the  remainder  near  the  floor. 
All  ceiling  vents,  in  both  halls  and 
churches,  should  be  provided  with 
dampers  having  means  for  hold- 
ing them  in  any  desired  position. 
If  indirect  gravity  heaters  are 
used,  it  will  generally  be  necessary 
to  place  heating  coils  in  the  vent 
flues  for  use  in  mild  weather;  but 
if  the  fresh  air  is  supplied  by 
means  of  a  fan,  there  will  usually  be 
pressure  enough  in  the  room  to  force  the  air  out  without  the  aid  of 
other  means.  AVhen  the  vent  air-ways  are  restricted,  or  the  air  is 
impeded  in  any  way,  electric  ventilating  fans  are  often  used.  These 
give  especially  good  results  in  warmer  weather,  when  natural  venti- 
lation is  sluggish.  The  temperature  may  be  regulated  either  by 
using  the  double-duct  system  or  by  shutting  off  or  turning  on  a  greater 
or  less  number  of  sections  in  the  main  heater.  After  an  audience 
hall  is  once  warmed  and  filled  with  people,  very  little  heat  is  recjuired 
to  keep  it  comfortable,  even  in  the  coldest  weather. 

Theaters.     In    designing   heating   and   ventilating   systems    for 


Fig.  174.     An  Approved  Method  of  De 
livering  Warm  Air  to  the  Audi- 
torium of  a  Church. 
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theaters,  a  wide  experience  and  the  greatest  care  are  necessary  to 
secure  the  best  resiUts.  A  theater  consists  of  three  parts:  the  body 
of  the  house,  or  auditorium;  the  stage  and  dressing-rooms,  and  the 
fover,  lobbies,  corridors,  stairways,  and  offices.  Theaters  are  usually 
located  in  cities,  and  surrounded  with  other  buildings  on  two  or  more 
sides,  thus  allowing  no  direct  connection  by  windows  with  the  ex- 
ternal air;  for  this  reason  artificial  means  are  necessary  for  proyiding 
suitable  yentilation,  and  a  forced  circulation  by  means  of  a  fan  is  the 
only  satisfactory  means  of  accomplishing  this.  It  is  usually  adyisable 
to  create  a  slight  excess  of  pressure  in  the  auditorium,  in  order  that 
all  openings  shall  allow  for  the  discharge  rather  than  the  inward 
leakage  of  air. 

The  general  and  most  approyed  methotl  of  air-distribution  is 
to  force  it  into  closed  spaces  beneath  the  auditorium  and  balcony 
floors,  and  allow  it  to  discharge  upward  through  small  openings 
among  the  seats.  One  of  the  best  methods  is  through  chair-legs 
of  special  latticed  design,  which  are  placed  oyer  suitable  openings  in 
the  floor;  in  this  way  the  air  is  deliyered  to  the  room  in  small  streams, 
at  a  low  yelocity,  without  draughts  or  currents.  The  discharge 
yentilation  should  be  largely  through  ceiling  yents,  and  this  may  be 
assisted  if  necessary  by  the  use  of  yentilating  fans.  Vent  openings 
should  also  be  proyided  at  the  rear  of  the  balconies,  either  in  the  wall 
or  in  the  ceiling,  and  these  should  be  connected  with  an  exhaust  fan 
either  in  the  basement  or  in  the  attic,  as  is  most  conyenient. 

The  close  seating  of  the  occupants  produces  a  large  amount  of 
animal  heat,  which  usually  increases  the  temperature  from  6  to  10 
degrees,  or  eyen  more;  so  that,  in  considering  a  theater  once  filled 
and  thoroughly  warmed,  it  becomes  more  of  a  fjucstion  of  cooling 
than  one  of  warming  to  produce  comfort. 

The  dressing-rooms  should  be  proyided  with  a  generous  supply 
of  fresh  air,  sufficient  to  change  the  entire  contents  once  in  10  minutes 
at  least,  and  should  haye  disch'arge  flues  of  sufficient  size  to  carry 
away  this  amount  of  air  at  a  yelocity  not  exceeding  300  feet  per 
minute,  unless  connected  with  an  exhaust  fan,  in  which  case  the 
yelocity  may  be  doubled.  The  foyer,  corridors,  dressing-rooms, 
etc.,  are  generally  heated  by  direct  radiators,  which  may  be  con- 
cealed by  ornamental  screens  if  desired. 

Office  Buildings.     This  class  of  building?  may  be  satisfactorily 
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warmed  by  direct  steam,  hot  water,  or,  where  ventilation  is  desired, 
by  the  fan  system.  Probably  direct  steam  is  used  more  freciuently 
than  any  other  system  for  this  purpose.  "S'acuum  systems  are  well 
adapted  to  the  conditions  usually  found  in  this  type  of  building, 
as  most  modern  office  buildings  have  their  own  light  and  power 
plants,  and  the  exhaust  steam  can  thus  be  utilized  for  lieating  pur- 
poses. The  piping  may  be  either  single  or  double.  If  the  former 
is  used,  it  is  better  to  carry  a  single  main  riser  to  the  upper  story,  and 
run  drops  to  the  basement,  as  by  this  means  the  steam  and  water 
flow  in  the  same  direction,  and  much  smaller  pipes  can  be  used  than 
would  be  the  case  if  risers  M'ere  carried  from  the  basement  upward. 

Special  provision  must  be  made  for  the  expansion  of  the  risers  or 
drops  in  tall  buildings.  They  are  usually  anchored  at  the  center, 
and  allowed  to  expand  in  both  directions.  The  connections  with  the 
radiators  must  not  be  so  rigid  as  to  cause  undue  strains  or  to  lift  the 
radiators  from  the  floor. 

It  is  customary,  in  most  cases,  to  make  the  connections  with 
the  end  farthest  from  the  riser ;  this  gives  a  length  of  horizontal  pipe 
which  has  a  certain  amount  of  spring,  and  will  care  for  any  vertical 
movement  of  the  riser  that  is  likely  to  occur.  Forced  hot-water 
circulation  is  often  used  in  connection  with  exhaust  steam.  The 
water  is  warmed  by  the  steam  in  large  heaters  similar  to  feed-water 
heaters  and  is  circulated  through  the  svstem  bv  means  of  centrifugal 
pumps.  This  has  the  usual  advantage  of  hot  water  over  steam, 
inasmuch  as  the  temperature  of  the  radiators  may  be  regulated  to 
suit  the  conditions  of  outside  temperature. 

When  a  fan  system  is  used  the  arrangement  of  the  air-ways  is 
usually  somewhat  different  from  any  of  those  yet  described.  Owing 
to  the  great  height  of  these  buildings,  ami  the  large  number  of  small 
rooms  which  they  contain,  it  is  impossible  to  carry  up  separate  flues 
from  the  basement.  One  of  the  best  arrangements  is  to  construct 
false  ceilings  in  the  corridor-ways  on  each  floor,  thus  forming  air- 
ducts  which  may  receive  their  supply  through  one  or  more  large  up- 
takes extending  from  the  basement  to  the  top  of  the  building.  I'hese 
corridor  air-ways  may  be  tapped  over  the  door  of  each  room,  the 
openings  being  provided  with  suitable  regulating  dampers  for  gauging 
the  air-supply  to  each.  Adjustable  deflectors  should  be  placed  in 
the  main  air-shafts  for  proportioning  the  quantity  to  be  delivered 
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to  each  floor.  If  both  supply  and  discharge  ventilation  are  to  be 
provided,  the  fresh  air  may  be  carried  in  galvanized-iron  ducts  within 
the  ceiling  spaces,  and  the  remainder  used  for  conveying  the  exhausted 
air  to  uptakes  leading  to  a  discharge  fan  placed  upon  the  roof  of 
the  building.  In  both  of  these  cases,  it  is  assumed  that  heat  is  sup- 
plied to  the  rooms  by  direct  radiation,  and  that  the  air-supply  is  for 
ventilation  only. 

Apartment  Houses.  These  are  warmed  by  furnaces,  direct 
steam,  and  hot  water.  Furnaces  are  more  often  used  in  the  smaller 
houses,  as  they  are  cheaper  to  install,  and  require  a  less  skilful  at- 
tendant to  operate  them.  Steam  is  probably  used  more  than  any 
other  system  in  blocls  of  larger  size.  A  well-designed  single-pipe 
connection,  with  autcmatic  air-valves  dripped  to  the  basement,  is 
probably  the  most  satisfactory  in  this  class  of  work.  People  who 
are  more  or  less  unfamiliar  with  steam  systems  are  apt  to  overlook 
one  of  the  valves  in  shutting  off  or  turning  on  steam;  and  where  only 
one  valve  is  used,  the  difficulty  arising  from  this  is  avoided.  "\Miere 
pet-cock  air-valves  are  used,  they  are  often  left  open  through  careless- 
ness; and  the  automatic  valves,  unless  dripped,  are  likely  to  give  more 
or  less  trouble. 

Greenhouses  and  Conservatories.  Buildings  of  this  class  are 
heated  in  some  cases  by  steam  and  in  others  by  hot  water,  some  florists 
preferring  one  and  some  the  other.  Either  system,  when  properly 
designed  and  constructed,  should  give  satisfaction,  although  hot 
water  has  its  usual  advantage  of  a  variable  temperature.  The 
methods  of  piping  are,  in  a  general  way,  like  those  already  described, 
and  the  pipes  may  be  located  to  run  underneath  the  beds  of  growino- 
plants  or  aboye,  as  bottom  or  top  heat  is  desired.  The  main  is  o-en- 
erally  run  near  the  upper  part  of  the  greenhouse  and  to  the  farthest 
extremity,  in  one  or  more  branches,  with  a  pitch  upward  from  the 
heater  for  hot  water  and  with  a  pitch  downward  for  steam.  The 
principal  radiating  surface  is  made  of  parallel  lines  of  l^V  inch  or 
larger  pipe,  placed  under  the  benches  and  supplied  by  the  return 
current.  Figs.  175,  176,  and  177  show  a  common  method  of  running 
the  piping  in  greenhouse  work.  Fig.  175  shows  a  plan  and  eleva- 
tion of  the  building  with  its  lines  of  pipe;  and  Figs.  176  and  177  o-ive 
details  of  the  pipe  connections  of  the  outer  and  inner  groups  of  pipes 
respectively. 
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Any  system  of  piping;  which  gives  free  circulation  and  which  is 
adapted  to  the  local  conditions,  should  give  satisfactory  results.  The 
radiating  surface  may  be  computed  from  the  rules  already  given. 
As  the  average  greenhouse  is  composed  almost  entirely  of  glass,  we 


Fig.  175.    Plan  and  Elevation  Showing  One  Method  of  Running  Piping  in  a  Greenhouse 

may  for  purposes  of  calculation  consider  it  such;  and  if  we  divide 
the  total  exposed  surface  by  4,  we  shall  get  practically  the  same 
result  as  if  we  assumed  a  heat  loss  of  85  B.  T.  U.  per  square  foot  of 
surface  per  hour,  and  an  efficiency  of  330  B.  T.  V.  for  the  heating 
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coils;  so  that  we  may  say,  in  general,  that  the  scjiiare  feet  of  radiating 
surface  required  equals  the  total  exposed  surface,  divided  by  4  for 
steam  coils,  and  by  2.5  for  hot-water.  These  results  should  be  in- 
creased from  10  to  20  per  cent  for  exposed  locations. 

CARE  AND  MANAGEMENT 

The  care  of  furnaces,  hot-water  heaters,  and  steam  boilers  has 
been  discussed  in  connection  with  the  design  of  these  different  systems 
of  heating,  and  need  not  be  repeated.  The  management  of  the 
heating  and  ventilating  systems  in  large  school  buildings  is  a  matter 
of  much  importance,  especially  in  those  using  a  fan  system.  To  obtain 
the  best  results,  as  much  depends  upon  the  skill  of  the  operating 
engineer  as  upon  that  of  the  designer. 

Beginning  in  the  boiler-room,  he  should  exercise  special  care 
in  the  management  of  his  fires,  and  the  instruction  given  in  "Boiler 
Accessories"  should  be  carefully  followed;  all  flues  and  smoke 
passages  should  be  kept  clear  and  free  from  accumulations  of  soot 
and  ashes  by  means  of  a  brush  or  steam  jet.  Pumps  and  engine  should 
be  kept  clean  and  in  perfect  adjustment,  and  extra  care  should  be 
taken  when  they  are  in  rooms  through  which  the  air-supplv  is  drawn, 
or  the  odor  of  oil  will  be  carried  to  the  rooms.  All  steam  traps  should 
be  examined  at  regular  intervals  to  see  that  they  are  in  working  order; 
and  upon  any  sign  of  trouble,  they  should  be  taken  apart  and  care- 
fully cleaned. 

The  air-valves  on  all  tlirect  and  indirect  radiators  should  be 
inspected  often;  and  upon  the  failure  of  any  room  to  heat  properly, 
the  air-valve  should  first  be  looked  to  as  a  probable  cause  of  the  diffi- 
culty. Adjusting  dampers  should  be  placed  in  the  base  of  each  flue, 
so  that  the  flow  to  each  room  may  be  regulated  independently.  In 
starting  up  a  new  plant,  the  system  should  be  .put  in  proper  balance 
by  a  suitable  adjustment  of  these  dampers;  and,  when  once  adjusted, 
they  should  be  marked,  and  left  in  these  positions.  The  temperature 
of  the  rooms  should  never  be  regulated  by  closing  the  inlet  registers. 
These  should  never  be  touched  unless  the  room  is  to  be  unused  for 
a  day  or  more. 

In  designing  a  fan  system,  provision  should  be  made  for  air- 
rotation',  that  is,  the  arrangement  should  be  such  that  the  same 
air  may  be  taken  from  the  building  and  passed  through  the  fan  and 
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Fig.  176..    Coimectinns  of  Outer  Oroups  of*Pipes  of  Greeiiliouse  Showu  in  Fig.  175. 


Fig.  177.    Connections  of  Inner  Groups  of  Pipes  of  Gi-eeuhouse  Shown  in  Fig.  175. 
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heater  continuously.  This  is  usually  accomplished  by  closing  the 
main  vent  flues  and  the  cold-air  inlet  to  the  building,  then  opening  the 
class-room  doors  into  the  corridor-wavs,  and  drawinor  the  air  down 
the  stair-wells  to  the  basement  and  into  the  space  back  af  the  main 
heater  through  doors  provided  for  this  purpose.  In  warming  up  a 
building  in  the  morning,  this  should  always  be  done  until  about 
fifteen  minutes  before  school  opens.  The  vent  flues  should  then  be 
opened,  doors  into  corridors  closed,  cold-air  inlets  opened  wide,  and 
the  full  volume  of  fresh  air  taken  from  out  of  doors. 

At  night  time  the  dampers  in  the  main  vents  should  be  closed, 
to  prevent  the  warm  air  contained  in  the  building  from  escaping. 
The  fresh  air  should  be  delivered  to  the  rooms  at  a  temperature  of 
from  70  to  75  degrees;  and  this  temperature  must  be  obtained  by 
proper  use  of  the  shut-oflf  valves,  thus  running  a  greater  or  less  number 
of  sections  on  the  main  heater.  A  little  experience  will  show  the 
engineer  how  many  sections  to  carry  for  difTerent  degrees  of  outside 
temperature.  A  dial  thermometer  should  be  placed  in  the  main 
warm-air  duct  near  the  fan,  so  that  the  temperature  of  the  air  delivered 
to  the  rooms  can  be  easily  noted. 

The  exhaust  steam  from  the  engine  and  pumps  should  be  turned 
into  the  main  heater;  this  will  supply  a  greater  number  of  sections 
in  mild  weather  than  in  cold,  owing  to  the  less  rapid  con- 
densation. 
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PLUMBING 

PART  I 


Plumbing  occupies  an  important  position  among  the  trades  as 
an  application  of  Sanitary  Science. 

Sanitanj  science  is  defined  by  an  eminent  authority*  as  "that 
body  of  hygienic  knowledge,  which,  having  been  sufficiently  and 
critically  examined,  has  been  found  so  far  as  tested  to  be  invariably 
true,  its  phenomena  are  natural  phenomena;  its  laws  are  natural 
laws;  its  principles  are  scientific  principles." 

The  same  authority  defines  the  sanitary  arts  as  "those  methods 
and  processes  by  which  the  applications  of  the  principles  of  sanitary 
science  are  effected,"  and  would  include  plumbing  with  other  practical 
arts  of  construction  involved  in  sanitary  engineering  and  architecture. 

Having  thus  noted  the  position  occupied  in  this  broad  field  by 
the  matters  under  consideration,  we  may  define  plumbing  as  the  art 
of  placing  in  buildings  the  'pipes  and  other  apparatus  used  for  intro- 
ducing the  water  supply  and  removing  the  foul  wastes. 

Historically,  the  plumber  is  primarily  one  who  works  in  lead; 
but  this  definition  would  be  a  misnomer  applied  to  the  handicraftsman 
of  to-day.  While  in  time  past,  and  even  within  the  memory  and 
practice  of  men  now  working  at  the  trade,  it  suited  the  occupation 
designated  as  plumbing,  the  term  "plumber"  sur\dves  the  transition 
from  lead  to  iron  more  by  reason  of  established  usage  than  from  its 
fitness  to  indicate  the  workman  of  the  present. 

Two  score  of  years  ago,  traps  and  soil,'waste,  and  supply  pipes 
were  in  many  localities  almost  wholly  of  lead ;  and  much  of  the  larger 
pipe  was  hand-made.  Lead  was  then  everywhere  more  frequently 
used  for  all  these  purposes  than  it  is  anywhere  in  the  country  now. 
To-day,  first-class  plumbing  is  possible  in  any  type  of  building  with- 
out employing  a  vestige  of  lead,  and  that,  too,  with  fixtures  and  fittings 
regularly  on  the  market.  Lead,  however,  is  still  used  to  a  marked 
extent  in  plumbing,  principally  for  traps,  pipe  connections,  calked 
joints,  water-service  pipes,  tank  linings,  flashings,  etc.  Its  retention 
for  these  secondary  purposes  is  due  generally  to  superior  fitness;  yet 

*The  Principles  of  Sanitary  Science,  by  Win.  T.  Sedgwick. 
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in  some  instances  it  is  because  of  the  style  of  connection  provided  on 
certain  fixtures,  or  for  other  reasons  independent  of  the  merits  of  the 
metal.  On  the  whole,  its  loss  of  prestige  has  been  slow  and  impartial. 
Indeed,  those  manually  skilled  in  the  manipidation  of  lead  have  often 
opposed  the  adoption  of  other  materials  sufficiently  to  retard  sub- 
stitution of  the  better. 

Lead  has  unequaled  merit  for  plumbers'  use  in  specific  instances; 
and  if  the  trade  has  suffered  by  injudicious  substitution  of  other 
material  during  its  rapid  evolution  in  recent  years,  time  will  adjust 
the  error  as  the  fitness  of  lead  becomes  apparent.  For  service  lines 
in  the  ground,  no  other  material  lasts  longer  or  gives  more  satis- 
faction than  lead,  provided  the  use  of  lead  is  safe  with  the  particular 
water  which  flows  through  it.  For  cold-water  lines  inside  buildings, 
it  answers  well.  Wood  tanks  properly  lined  with  lead  are,  in  many 
cases,  the  best  for  indoor  storage. 

Lead  pipe  is  not  self-supporting  in  any  position,  in  the  sense 
that  iron  or  brass  may  be  considered  so;  and  the  providing  of  reason- 
ably permanent  support  for  lead  work  is  an  expensive  item.  Lead 
pipe  costs  more  than  iron  or  brass,  in  every  case;  and  the  cost  increases 
proportionally  with  the  extra  weight  necessary  for  all  but  very  light 
pressures;  while  ordinary  merchant's  iron  pipe,  or  seamless  brass 
pipe  of  iron-pipe  size,  will  withstand  the  pressure  of  any  municipal  or 
private  supply  in  America. 

Lead  does  not  serve  well  for  hot  water.  The  contraction  while 
cooling  appears  not  to  equal  the  expansion  from  heating;  hence  the 
pipe  deteriorates  at  the  hottest  points,  usually  showing  weakness 
first  near  the  reservoir  in  the  kitchen,  especially  at  bends,  and  finally 
crystallizing  beyond  repair  at  those  points.  So  much  trouble  has 
been  experienced  with  stove  and  range  connections  of  lead,  that  lead 
pipe -for  this  purpose  has  been  entirely  abandoned.  The  wish  to 
install  something  better  suited  than  lead  for  hot-water  service,  is  in 
large  measure  responsible  for  the  general  adoption  of  other  material. 
Hqt  and  cold  supply  lines  that  are  dissimilar  in  material,  in  diameter, 
in  joints,  and  in  fastenings,  are  so  unsymmetrical  and  out  of  harmony 
in  every  way  that  no  mechanic  is  willing  to  install  them  for  a  slight 
real  or  fancied  betterment. 

With  reference  to  the  action  of  frost,  lead  pipe  has  an  advantage 
in  that  the  diametrical  expansion  of  the  water  when  freezing  does  not 
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burst  the  pipe  at  the  point  frozen,  unless  it  has  been  repeatedly  swelled 
from  the  same  cause.  Lateral  extension  of  the  core  of  ice  in  the 
portion  frozen,  crowds  the  water  which  it  cannot  compress;  and,  as 
the  ice  is  frozen  to  the  wall  of  the  pipe,  the  weakest  place  ruptures. 
Sometimes  a  faucet  ball  will  be  driven  in,  and  occasionally  a  coupling 
collar  will  be  stripped  of  its  threads;  but  usually  room  is. made  for  the 
extra  volume  of  the  water  by  the  pipe  swelling  to  an  egg-shape  and 
bursting  at  one  point.  Such  a  break  can  be  repaired  by  wiping  a 
single  patch  or  joint  on  the  original  pipe. 

Frost  breaks  in  lead  pipe  nearly  always  occur  on  the  house  side 
of  the  point  frozen,  because  the  water  in  the  street  end  is  easily  driven 
toward  the  main.  iVir-chambers  on  the  house  service  would  often 
obviate  the  bursting  of  lead  pipe;  but  where  the  type  of  faucets  or  a 
limited  pressure  does  not  require  their  use  in  order  to  prevent  reaction, 
plumbers  frequently  omit  them,  under  the  impression  that  air-cham- 
bers can  serve  no  other  good  purpose. 

With  iron  pipe,  frost  breaks  are  more  serious.  Diametrical 
expansion  splits  the  pipe  at  the  point  frozen  every  time  freez- 
ing occurs;  and  lateral  extension  of  the  "ice  staves  in  the  faucet 
stems,  etc.,  quite  as  frequently  as  w^ould  happen  with  lead  pipe  under 
the  same  conditions.  Of  late  years,  the  improvement  in  types  of 
buildings,  more  careful  provision  against  frost  on  the  part  of  plumbers, 
and  the  vigilance  of  the  Weather  Bureau  in  giving  warning  of  ap- 
proaching cold  snaps,  have  made  insignificant  the  amount  of  damage 
by  frost  in  both  kinds  of  pipe. 

Lead  pipe,  as  a  rule,  requires  less  trench  work  on  ground  lines 
than  iron  pipe,  because  drilling,  even  if  very  poorly  aligned,  will  often 
suffice  to  get  the  pipe  in  place.  There  are  numerous  instances,  how- 
ever, where  longer  stretches  of  iron  pipe  have  been  placed  in  drilled 
holes  than  would  be  practicable  with  lead  at  the  same  excavating 
cost.  It  is  well  to  remember  that  any  small  line  of  house  service  in 
the  ground  should  be  placed  deeper,  so  far  as  immunity  from  frost 
alone  is  concerned,  than  is  necessary  for  the  protection  of  large  pipes 
in  the  same  locality,  because  the  volume  of  contents  in  house  pipes  is 
small,  the  wall  surface  of  the  pipe  relatively  large,  and  the  flow  of  the 
water  not  so  regularly  maintained. 

The  action  of  natural  waters  on  lead  has  been  a  matter  of  wide 
discussion  by  able  men.     The  subject  of  possible  contamination  of 
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water  supply  through  the  agency  of  lead  conduits,  is  too  broad,  how- 
ever, for  full  consideration  here,  and  will  therefore  be  but  briefly 
touched  upon.  This  trait  of  lead  has  been  voiced  against  its  use, 
with  more  or  less  effect;  but  known  cases  of  poisoning  from  this 
source  have  been  exceedingly  rare.  Galvanized-iron  pipe  charges 
the  water  with  salts  of  zinc  when  the  water  contains  certain  impurities; 
and  most  other  kinds  of  pipe  are  also  more  or  less  open  to  objection 
at  times  by  reason  of  their  injurious  effect  on  the  water,  the  staining 
of  fixtures,  etc.  Some  of  the  salts  of  lead  formed  by  the  agency  of 
water  conveyed  through  lead  supply  pipe,  are  protective.  Others, 
without  doubt — fortunately  of  rare  occurrence  is  actual  practice — are 
corrosive.  Sulphate  or  phosphate  of  lime,  in  solution,  will  part  with 
its  acid  in  passing  through  lead  pipe,  the  acid  combining  with  a  new 
base  (lead)  and  forming  sulphate  or  phosphate  of  lead  as  the  case 
may  be.  Chloride,  sulphate,  nitrate,  borate,  and  other  compounds  of 
lead,  may  be  similarly  formed.  These  incrust  the  pipe;  and  such  of 
them  as  are  practically  insolu})le  in  water  protect  the  lead  from  further 
attack,  thus  preserving  the  quality  of  the  water.  Carbonate,  sulphate, 
and  phosphate  of  lead,  which  doubtless  form  most  frequently  in  lead 
water  pipes,  belong  to  the  protective  class.  Qf  course,  not  all  the 
compounds  mentioned  are  encountered  in  any  one  source  of  supply. 
Chemical  compounds  designed  to  produce  an  insoluble  incrustation 
have  sometimes  been  purposely  placed  in  solution,  and  allowed  to 
stand  in  systems  of  lead  supply  pipe  where  it  was  known  that  the 
water  to  be  commonly  used  would  otherwise  be  dangerously  corrosive. 
In  view  of  the  possibility  of  such  precautionary  measures,  the  dele- 
terious effect  of  lead  on  many  water  supplies,  and  the  consequent 
menace  to  health  if  lead  were  used  indiscriminately,  could  hardly  alone 
to  any  appreciable  extent  result  in  the  substitution  of  pipe  of  other 
material. 

Lead  has  been  thus  dwelt  upon  at  the  outset,  because  the  industry 
(^f  plumbing  itself  derived  its  name  from  this  metal  (Plumhum,  Latin 
for  "lead").  A  discussion  suflficient  to  define  broadly  the  present  and 
past  status  of  the  metal  in  the  plumbing  business,  is  certainly  apropos 
in  this  connection.  To  many  persons,  the  term  "Plumbing"  sug- 
gests lead  and  lead  work  generally,  without  regard  to  its  distinctive 
forms,  some  of  which  are  quite  foreign  to  the  ordinary  trade  meaning. 
To  those  acquainted  with  the  building  practices  of  Europe,  visions  of 
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lead-covered  roofs  and  spires,  rainwater  heads,  etc.,  in  addition  to 
manifold  other  uses  of  the  metal  not  common  in  America,  may  come 
to  view  in  the  mind's  eye  when  "plumbing"  is  mentioned.  To  Ameri- 
can plumbers  of  the  past  generation,  "plumbing"  suggested  stacks  of 
hand-made  lead  soil  and  waste  pipe;  hand-made  lead  traps;  lead 
"safe"  pans  cumbersomely  boxed-in  under  fixtures;  ridiculously 
small  lead  ventilation  pipes;  lead  drip-trays;  lead  supply  pipes 
(sometimes  also  hand-made);  all  "wiped"  joints  and  seams;  and 
blocks,  flanges,  braces,  boards,  and  boxes  galore,  jutting  out  in  pro- 
fusion, for  supports,  covering,  etc. 

In  reality,  we  in  America  have  now  but  little  of  what  the  name 
"plumbing"  would  lead  the  uninitiated  to  expect.  Stacks  of  plain  or 
galvanized  wrought-iron  pipe,  or  of  plain,  tarred,  or  galvanized  cast- 
iron  pipe,  of  weight  to  suit  the  height  of  building  and  to  serve  as  main 
soil,  waste,  and  ventilation  pipes,  with  sundry  lead  bends  and  ends  for 
fixture  connections — these,  with  galvanized  wrought-iron  or  brass  pipes 
for  supply,  constitute  the  "roughing-in"  stage  of  a  job  of  plumbing; 
while  "painted  or  bronzed  main  lines  exposed  to  view,  galvanized -iron 
and  nickel-plated  brass  pipe,  with  fixtures,  partitions,  etc.,  make  up  a 
view  of  the  finished  work,  conveying  little  idea  of  the  functions  and 
importance  of  the  unseen  portions.  Finished  work  in  an  unpreten- 
tious dwelling  or  storehouse,  when  properly  charted,  is  fairly  easy  for 
even  the  house-man  to  understand.  In  large  apartment  and  office 
buildings,  department  stores,  etc.,  however,  the  plumbing,  ventilating, 
gasfitting,  heating,  and  automatic  sprinkler  pipes  and  electric  con- 
duits, make,  in  any  but  the  finished  state,  a  maze  of  pipe  beyond  the 
understanding  of  any  except  engineers  well  versed  in  those  lines  of 
work.  In  the  completed  work,  the  details  are  concealed.  The  toilet 
rooms  present  an  orderly  perspective  of  closets,  lavatories,  or  other 
fixtures,  as  the  case  may  be,  with  simple  connections  according  with 
the  customary  finish,  kind,  or  purpose  of  the  pipe. 

This  apparent  harmony,  proportion,  and  simplicity  in  the  result, 
coupled  with  a  memory  of  sundry  glimpses  of  a  confusion  of  pipes  in 
the  rough  state,  has,  it  is  to  be  regretted,  propagated  in  many  minds, 
a  sense  of  false  security  regarding  plumbing,  based  on  the  assumption 
of  the  plumber's  evident  ability  to  produce  order  and  perfect  service 
out  of  what  in  the  "roughing-in"  stage  looked  chaotic  to  a  hopeless 
degree.     The  bulk  of  plumbing  work,  however,  is  not  of  the  "sky- 
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scraper"  class,  nor  is  it  handled  by  the  same  type  of  skill  and  siijierin- 
tendence.  Any  feeling  of  confidence  or  sense  of  security  on  the  part  of 
■  the  public,  is  treacherous  if  based  on  the  assumption  that  only  by  a 
degree  of  skill  in  direct  proportion  to  the  size  of  the  job  can  satis- 
factory plumbing  service  be  provided  in  residential  and  other  small 
buildings.  There  is  evidence  of  a  somewhat  indifferent  state  of  the 
public  mind  regarding  the  plumber  and  his  work,  induced  by  the 
reasons  stated  and  also  by  lack  of  due  consideration  and  appreciation 
of  conditions  wrought  by  progress  in  other  trades. 

Plumbing,  in  its  advancement,  is  merely  keeping  pace  with  the 
allied  lines  on  which  it  is  dependent.  Their  progress  has  created  new 
conditions  to  be  met;  and  as  the  future  plumber  will  hail  from  the 
ranks  of  the  populace,  the  light  in  which  the  public  regards  the  plumber 
and  the  importance  of  his  trade  will  have  no  uncertain  bearing  on  the 
character  and  earnestness  of  those  W'ho  take  up  the  calling.  The 
rank  and  file  of  apprentices  -liave  already  too  long  been  attracted 
merely  on  the  score  of  a  promising  means  of  livelihood.  There  is 
ample  reason  to  begin  a  plumbing  career  with  all  the  pride  felt  by 
followers  of  any  other  vocation.  It  is  altogether  improbable  that  any 
individual  will  be  found  with  so  much  education  or  such  promising 
ability  as  to  give  rise  to  just  grounds  of  fear  that  plumbing  will  not 
offer  him  sufficient  scope  to  acquit  himself  with  dignity. 

The  advent  of  tall  buildings,  the  general  increase  in  the  height 
and  other  proportions  of  buildings  in  cities,  and  the  changes  in 
material  and  in  design  of  fixtures,  together  with  the  abnormal  demand 
resulting  from  the  decreased  cost,  natural  growth,  and  gradual  awak- 
ening through  education  to  the  value  of  sanitary  conveniences,  have 
brought  about  a  condition  of  affairs  which  the  old-line  plumbers  were 
incapable  of  coping  with,  and  which  the  old  apprenticeship  system 
was  inadequate  to  provide  men  capable  of  dealing  with  in  a  creditable 
manner.  The  plumbing  of  one  large  building  involves  as  much  work 
as  hundreds  of  the  average  small  jobs  put  together.  The  handling 
of  such  work  under  the  conditions  that  have  prevailed,  has  developed 
a  deplorable  state  of  so-called  "specialism."  Men  engaged  in  "rough- 
ing-in"  a  large  job  are  likely  to  tell  you  with  entire  truthfulness  that 
they  have  no  idea  what  types  of  closets  or  other  fixtures  are  to  be  used ; 
that  they  know  nothing  of  the  principles  or  merits  of  plumbing  fix- 
tures, and  do  not  need  to;  that  tliey  never  connected  a  fixture  in  their 
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whole  career:  that  the  finishers  do  that  kinil  of  work.  Bv  fiirtlier 
incjuin'  one  would  find  the  "finishers"  utterly  at  sea  in  the  work  of 
"roughing-in,"  and  accordingly  ignorant  of  the  whys  and  wherefores 
that  govern  the  success  of  a  job  as  a  unit.  These  men,  called  "plumb- 
ers," are  exceedingly  skilful  and  rapid  within  their  limitations;  but 
it. is  easy  to  infer  the  fate  of  a  job  intrusted  to  such  hands  alone,  and 
in  practice  it  has  been  proven  that  others  of  metropolitan  practice, 
and  merely  lacking  in  variety  of  experience,  were  not  capable  of  credit- 
able results'  on  general  residence  work  of  the  ordinary  class. 

When  the  largest  jobs  were  completed  in  a  comparatively  short 
time,  and  when  much  of  the  training  which  went  to  make  up  the 
plumber's  accomplishments  was  credited  to  the  manual  practice  neces- 
sary to  master  the  working  of  lead  and  solder,  a  period  of  service  in 
shop  and  job  practice,  coupled  with  oral  instructions  from  the  journey- 
man, ser^'ed  fairly  well  to  make  a  plumber  out  of  raw  material  within 
the  period  allotted  by  the  American  abridgment  of  the  apprenticeship 
term.  On  the  work  of  to-day,  however,  there  would  be  great  chances 
of  an  apprentice  sending  such  a  term  without  seeing  anything  of  more 
than  from  two  to  five  jobs.  He  would  be  lucky  if  it  fell  to  his  lot  to 
get  even  a  little  experience  in  each  of  the  natural  divisions  of  those 
jobs ;  and  again  fortunate  if  those  jobs  happened  not  to  have  the  same 
general  layout  or  to  employ  identically  the  same  make  of  fLxtures,  for 
there  are  many  shops  which  seem  to  have  the  faculty  of  securing 
work  from  certain  particular  sources,  and  which  are  equally  likely  for 
one  reason  or  another  to  be  recommending  and  using,  where  possible, 
one  particular  make  of  goods  to  the  exclusion  of  other  kinds  just  as 
good  or  better.  These  and  kindred  features  now  met  with  on  every 
hand  in  practice,  are  stumbling-blocks — prohibitive,  in  fact,  of  anyone 
learning  the  plumbing  trade  within  any  period  of  time  that  can  sensibly 
be  prescribed  for  the  acquiring  of  a  trade  or  profession.- 

For  more  than  a  decade,  the  often-avowed  reluctance  of  journey- 
men to  teach  apprentices  has  been  held  responsible  for  the  trend  of 
these  affairs  affecting  the  practice  of  the  industrs' ;  but  in  the  light  of 
what  has  been  said,  it  is  easy  to  determine  what  it  was  that  really  intro- 
duced the  Plumbing  Correspondence  School  and  Plumbing  Trade 
Classes.  It  was  necessity.  Trade  journals  have  done  and  are  still 
iloing  good  work  in  this  line;  but  their  best  efforts,  added  to  the  oppor- 
'tunities  of  practice,  were  insufficient.     There  was  no  other  satisfactory 
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solution  tlian  the  Correspondence  School — ^no  other  route  to  the 
acquisition  of  principles  and  acquaintanceship  with  the  accumulated 
information  as  to  the  relative  merit  or  fitness  of  certain  materials, 
designs,  systems,  etc.,  and  as  to  the  conditions  under  which  this  or 
that  would  serve  well,  while  it  might  act  just  the  reverse  under  other 
circumstances. 

Under  the  present  regime,  it  is  not  only  apprentices  and  those 
who  intend  becoming  such,  but  journeymen  as  well,  that  need  to  seek 
aid  in  the  schools.  The  citizen  at  large,  also,  serves  his  6wn  interest 
in  informing  himself  in  a  general  way  at  the  same  fountain,  so  as  to 
be  able  to  discriminate  for  himself  in  matters  pertaining  to  plumbing. 
Furthermore,  any  real  plumber  would  prefer  that  his  customer  should 
be  familiar  with  the  work  in  hand.  Fewer  misunderstandings  occur 
when  such  is  the  case,  and  there  is  a  keener  appreciation  of  good 
work  on  one  hand  and  a  corresponding  effort  to  merit  approval  on  the 
other.  There  is,  too,  in  favor  of  the  plumber,  when  the  customer  is 
informed,  an  absence  of  those  niggardly  tactics  of  trying  to  secure 
much  for  little,  of  sacrificing  quality  and  future  satisfaction  by  reducing 
first  cost  below  the  safe  limit.  The  well-informed  customer  never 
makes  you  feel  that  all  plumbing  is  alike  to  him  and  a  necessary  evil 
to  be  paid  for  at  rates  far  in  excess  of  its  value. 

With  the  foregoing  introduction  in  mind  let  us  look  further  into 
the  subject  and  see  what  'Tlumbing"  really  is.  Whether  we  are 
actual  or  self-nominated  apprentices,  journeymen,  masters,  or  the 
prospective  customer  himself,  a  view  of  the  matter  will  be  beneficial, 
if  only  in  the  sense  of  refreshing  memory. 

There  was  a  time  when  sanitary  conveniences,  crude  in  com- 
parison with  the  present,  were  considered  mere  luxuries.  Under 
the  present  views  of  life  and  the  conditions  of  living,  we  may  with 
greater  propriety  consider  these  erstwhile  luxuries  as  actual  neces- 
sities, though  they  are  often  luxurious  to  a  degree  that  dwarfs  into 
insignificance  other  appointments  which  even  then  were  granted  to 
be  essentials.  Plumbing  is,  therefore,  neither  in  fact  nor  in  opinion, 
a  matter  of  simple  luxury  for  the  rich  and  delicate,  but  is,  rather,  an 
important  subject  of  deep  salutary  interest  on  the  one  hand  and  of 
business  acumen  on  the  other — a  matter  of  essentials  deeply  affecting 
the  best  interests  of  our  own  health  and  that  of  our  neighbors,  with 
which  mere  sentiment  has  no  ground   for  association.     The  time 
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when  it  was  thought  sufficient  to  fan  out  the  mosquitoes  in  summer 
and  break  the  ice  in  winter  at  the  family  rain  barrel  in  order  to  wash 
our  faces  and  hands,  has  passed.  A  dwelHng  job  may  now  embrace 
ahnost  the  entire  range  of  pknnbing  fixtures.  There  is  therefore 
no  better  example  from  which  to  build  a  word-picture  of  Plumbing. 

PLUMBING  FIXTURES 

Bathtubs.  Bathtubs  are  a  prime  factor  in  plumbing.  They  are 
of  various  types: — (1)  Wooden  cases,  with  sheet-metal  lining,  usually 
copper,  on  the  order  shown  in  Fig.  1;  (2)  all  copper,  and  steel-clad, 
suitably  mounted,  as  shown  in  Fig.  2;  (3)  cast  iron,  enameled,  with 
a  vitreous  glaze  fused  on  the  iron,  as  in  Figs.  4  and  5;  (4)  solid  porce- 
lain, potter's  clay  properly  fired,  with  vitreous  glaze  fired  on,  as  in 
Fig.  3;  and  (5)  marble,  variegated  or  otherwise,  cut  from  the  solid 
block.     Their  cost  ranges  in  the  order  mentioned. 

The  relative  merit  of  the  different  materials  and  types  is  not  so 
easily  designated.  Porcelain  and  marble  baths  are  large,  very  heavy, 
and  imposing-looking;  and  therefore  are  often  selected  on  the  score 
of  massiveness,  with  a  view  to  harmonizing  with  the  dimensions  and 
finish  of  the  house.  One  would  suppose  the  mass  of  material  in  such 
baths  would  have  the  effect  of  cooling  the  water  to  an  annoying  extent; 
but  careful  tests  have  revealed  no  appreciable  difference  in  the  effect 
of  thin  as  compared  with  thick  bathtubs  on  the  warmth  of  water,  and 
but  little  in  their  pleasantness  of  touch  to  the  person.  The  bath  of 
most  pleasant  touch  was  that  of  indurated  wood  fiber,  which,  how- 
ever, had  but  little  commercial  success,  on  account  of  its  lack  of 
stability. 

]\Iost  baths  are  made  in  from  two  to  five  regular  sizes,  ranerinsr 
from  4  to  6  feet  in  extreme  length.  The  general  shapes  are  the 
French  (Fig.  3);  the  Modified  French  (Fig.  4);  and  the  Roman 
(Fig.  5).  The  various  French  patterns  have  the  waste  and  supply 
fittings  at  the  foot,  which  is  modified  in  form  to  accommodate  them. 
The  waste  water  travels  the  length  of  the  tub  to  reach  the  outlet,  and 
generally  leaves  scum  and  sediment  on  the  interior  while  emptying. 
Baths  of  the  French  type  are  suited  to  corner  positions,  or  to  positions 
in  which  one  side  runs  along  the  wall;  but  the  ideal  position  for  a 
bathtub,  in  the  interest  of  cleanliness,  is  with  the  foot  end  to  the  w^all, 
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Fig.  1.    Wooden  Case  Bathtub,  with  Sheet-Metal  Liuing. 


^ 


Fig.  2.     All-Copper,  Steel-clad  BatlUub. 


Fig.  3.    Solid  Porcelain  Bathtub,  French  Type. 
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COMBINED    NEEDLE    AND    SHOWER    BATH    ARRANGED    FOR    HOT    AND    COLD    WATER. 

The  Federal  Company. 


NICKEL    PLATED    BRASS    SHOWER    BATH. 

The  Federal  Company. 
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thus  permitting  entrance  from  either  side.  A  medium  size  is  best 
suited  to  the  usual  provision  for  supplying  hot  water  for  bath  pur- 
poses; and  is  also  preferred  by  many  because  the  feet  reach  the  foot, 
enabling  a  person,  when  submerging  the  body,  to  keep  his  head 


Fig.  4.    Enameled  Cast-iron  Bathtub,  Modified  French  Type. 

out  of  water,  with  his  shoulder  resting  on  the  slant  at  the  head  of 
the  tub.  Where  the  house  supply  is  pumped  by  hand,  the  medium 
size  of  any  kind  of  bath  is  advisable. 

The  rims  of  baths  vary'  from  H  to  5  inches  in  width.  The  larger 
rims  are  easy  on  the  person  in  getting  in  and  out  of  the  bath,  and  are 
often  used  in  lieu  of  a  bath  seat.  In  iron  baths  with  rims  large 
enough,  the  fittings  are  generally  passed  through  the  rim,  as  illus- 
trated in  Fig.  6,  thus  gi^'ing  them  additional  stability  and  making 


Fig.  5.    Enameled  Cast-iron  Bathtub,  Roman  Type. 

the  stated  fixture  length  include  the  whole  space  necessary  for  its 
installation.     This  style  of  bath  fitting  is  shown  in  Fig.  7. 

Nominal  sizes  of  baths  now  include  the  whole  length  of  the  fix- 
ture proper.     Formerly  many  awkward  mistakes  resulted  from  lack 
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of  uniformity,  one  not  always  knowing  whether  to  consider  the  nominal 
size  as  inside  measurement  only  or  including  twice  the  rim  width. 
In  cast  tubs,  actual  measures  vary  slightly  from  the  nominal,  because 
of  the  furnace  effect  when  heating  to  enamel.  The  variation,  however, 
is  not  sufficient  to  be  considered  in  noting  the  space  required,  or  to 
require  any  advance  in  roughing-in  measurements. 

Roman  baths  have  ends  alike,  with  the  fittings  at  the  center  of 
one  side,  as  illustrated  in  Fig.  8,  and  the  waste  outlet  at  the  center 
of  width  and  length.  In  general,  they  empty  with  better  effect,  and 
may  be  placed  in  either  right  or  left  corner  or  free  of  all  the  walls; 


Fig.  6.    Fittings  Passed  through  Rim  of  Enam- 

elecl-Iron  Bathtub,  to  Give  Additional 

Stability. 


Fig.  7.     Style  of   Bath  Fit- 
ting  Intended   to    Pa.ss 
t hrongh  Rim  of  Tub. 


but  the  best  position,  everything  considered,  is  with  the  fitting  side 
near  the  wall,  and  not  against  either  end  of  the  room. 

Any  finish  for  iron  bathtubs,  other  than  plain  paint,  should  be 
put  on  at  the  factory;  iron  surfaces  cannot  be  ground  and  the  suc- 
cessive coats  of  paint  dried  on  in  place,  properly  or  cheaply. 

Waste  fittings  and  the  outlets  of  baths  have  always  been  made 
too  small.  Slow  emptying  takes  valuable  time,  and  results  in  the  ad- 
herence of  scum,  which  necessitates  careful  cleansing  of  the  bath 
before  it  is  used  again. 

The  fittings  of  baths  are  not  interchangeable  imless  the  oblique- 
ness of  the  tub  walls  and  the  depth  and  drilling  agree.  The  styles  of 
fittings  are  universally  applicable,   except  that  double  bath-cocks 
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(Fig.  9)  are  never  placed  on  Roman  baths.  All  double  cocks  are 
provided  with  detachable  coupling  and  sprinkler,  which,  fitted  to 
hose,  provide  a  means  of  spraying  the  body.  Independent  spray, 
needle,  shampoo,  and 
overhead  shower  fixtures, 
simple  and  in  combina- 
tion, with  or  without  cur- 
tains, are  made  for  use 
with  the  various  tubs,  the 
tub  serving  as  a  receptor 
for  the  falling  water. 

The  cheapest  serv- 
iceable bath  fittings  are 
a  Double  Cock  and  Con- 
nected Waste  and  Over- 
flow. These  are  shown 
in  Fig.  10.  Bell  Supply 
and  Waste  fittings,  a  spe- 
cial type  of  which  is  Fig.  8 
shown  in  Fig.  11,  are 
singularly  popular,  the  water  being  retained  by  a  ring  valve  at- 
tached at  the  bottom  of  the  overflow  pipe,  and  operated  by  means  of 
a  knob  projecting  above  and  through  the  top  of  the  waste  standpipe. 
This  takes  the  place  of  the  ordinary  plug  and  chain  used  with  the 
simple  overflow.  The  supplies  are  made  and  fitted  in  combination 
with  the  waste  arrangement,  with  the  valve  handles  projecting  above 
the  rim  of  the  bath,  the  two  supplies  being  delivered  into  a  common 

yoke-piece,  where  they  mix  and  flow 
through  a  common  passage  to  the 
bell-piece  fitted  through  the  vertical 
wall  near  the  bottom  of  the  bath. 
With  the  usual  slotted-bell  delivery, 
these  fittings  are  a  nuisance  in  one 
respect.  Water  cannot  be  drawn 
Fig.  9.   Double  Bamcock.   Never  Used  into   a  vessel   through  the  bell  for 

on  Roman  Bathtubs.  , 

any  ulterior  purpose;  and  as  no 
vessel  of  considerable  capacity  can  be  filled  at  the  lavatory  faucets, 
or  at  a  sitz  or  a  foot  bath,  the  sink  faucets  are  the  only  resort  unless  a 


Showing  Central  Location  of  Fittings  and 
Waste  Outlet  in  Roman  Bathtub. 
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slop  sink  is  available.  Nozzle-delivery  bells,  which  afford  some  relief 
in  this  respect,  are  made;  and  hand  sprays  used  in  conjunction  with 
them  avoid  the  expense  of  special  shower  fixtures,  which  would  other- 
wise be  essential  if  shower  or  spray  were  desired  at  all. 

A  modification  of  these  fittings,  termed  "Top- Nozzle  Supply  and 
Waste"  (Fig.  12),  overcomes  this  objection  to  the  strictly  "Bell  Supply" 
type.     It  has  a  high  nozzle  delivery  projecting  into  the  tub,  and  is 

fitted  for  spray  attachment.  The 
inward  projection  is  much  less 
than  with  a  double  cock,  which, 
in  a  short  bathtub,  wCuld  occupy 
much  needed  space.  The  noise 
of  falling  water,  obviated  with  the 
bell  placed  low,  is  the  same  as 
with  the  double  cock;  and  the 
mixing  space,  intermediate  be- 
tween that  of  a  cock  and  the  regu- 
lar bell  delivery. 

An  element  of  danger  is  in- 
herent in  a  bell-supply  outlet 
placed  so  low  down  as  to  be  sub- 
merged when  the  tub  is  in  use. 
If  the  supply  is  opened  when  the 
tub  contains  dirty  water,  and  the 
pressure  of  water  is  lowered  by 
accident  or  by  opening  faucets 
elsewhere,  it  is  quite  possible  that  the  fouled  water  will  be  drawn 
back  through  the  bell  or  nozzle  into  the  supply  pipes,  thus,  perhaps, 
contaminating  the  water  for  domestic  use.  For  this  reason,  cocks 
which  discharge  near  the  top  edge  of  the  fixture,  above  the  level  of 
the  water,  are  increasingly  used  at  present. 

For  private  use,  where  both  children  and  adults  are  to  be  regu- 
larly served,  the  bathtub  is  the  only  fixture  answering  the  require- 
ments. As  the  physical  conditions  of  the  members  of  the  family  are, 
or  should  be,  mutually  known,  and  the  tub  will  be  regularly  cleansed 
between  baths,  any  possible  chance  of  communicating  humors  of  the 
skin  through  the  bath  can  be  guarded  against.  For  institutions  and 
general  public  use,  the  tub  bath  is  open  to  serious  objections,  some  of 


Fig.  10.    Common  Type  of  Double  Cock  aud 
Connected  Waste  and  Overflow. 
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which  apply  as  well  to  private' use.  The  water  for  a  tub  bath  is  at  its 
best  when  first  drawn  into  the  tub;  and  the  per- 
son, before  bathing,  is  certainly  in  condition  to 
pollute  it  more  or  less.  As  the  bathing  process 
nears  completion,  these  conditions  are  exactly  re- 
versed. Tubs  used  by  the  public  may  not  be 
carefully  cleansefl  between  times  of  use,  and  the 
bather  is  ignorant  of  the  condition  both  of  the 
tub  and  of  the  person  who  used  it  previously.  In 
institutions  for  the  insane  and  feeble-minded,  un- 
scrupulous attendants  have  been  known  to  bathe 
several  persons  in  the  same  water.  Large  pools 
are  better,  but  still  not  ideal;  nor  are  they  always 
suitable  or  practicable. 

Shower  Baths.  Shower  or  rain  baths  are 
commonly  installed  in  barracks,  g^annasiums, 
and  schools,  and  are  no  longer  unusual  in  private 
dwellings.  Some  of  the  objections  to  the  tub  bath, 
which  have  been  stated,  are  entirely  avoided  by 
the  shower  fixture  with  its  supply  of  running  water. 
Those  who  have    studied    the    hvgienic  effects 

•  °  .  Fig.  II.  Bell  Supply  and 

produced  by  the  action  of  ^  waste  Fittings. 
jets  or  streams  on  the  surface  of  the  body, 
urge  very  strongly  that  the  impact  results  in 
stimulating  the  proper  action  of  the  skin.  This 
is  the  opinion  of  most  persons  who  have -had 
experience  with  such  apparatus. 

The  older  forms  of  showers,  which  direct  the 
water  veMically  upon  the  head  of  the  bather, 
are  not  so  desirable  as  those  in  which  the  out- 
let is  inclined  and  placed  at  about  the  level  of 
the  shoulders,  thus  avoiding  wetting  the  head 
unless  desired.     Indeed,  all  the  essentials  of  a 
bath  of  this  form  are  met  by  a  water-supplied 
^^    rubber  tube  discharging  at  about   the   level  of 
Top-xozzie  Sup-  the  waist  over  a  tight   floor  or  pan    provided 
with  a  drain. 
Aside  from  the  shower  baths  that  may  be  provided  in  conjunction 


Fig.  12.         _      ^.    . 
ply  and  Waste  Fittings. 
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with  a  bathtub,  one  type  of  which  is  shown  in  Fig.  13,  many  designs 
are  fitted  to  floor-pans,  called  receptors,  usually  having   a  curtain, 

as  in  Fig.  14,  thus  providing  for 
private  installations  a  great  va- 
riety of  complete  showering  and 
spraying  appointments.  The  re- 
ceptors may  be  enameled  iron, 
porcelain,  or  marble.  A  cement 
or  asphalt  floor,  sloping  to  a  drain, 
is  simple  and  efi'ective. 

In  lieu  of  the  full  curtain  and 
regular  receptor  capable  of  pro- 
viding six  to  eight  inches'  depth  of 
water,  and  having  tub-like  supply 
and  waste  fittings  in  addition  to 
the  shower  features,  a  shallow 
base  of  marble  provided  with  a 
drain  and  having  three  marble 
sides,  such  as  is  shown  in  Fig.  15, 
can  be  provided  with  any  pre- 
ferred type  of  shower  fittings.  The 
overhead  douche,  already  noted, 
set  at  an  angle,  with  flexible  joint 
for  adjustment,  as  seen  in  Fig.  16,. 
so  that  the  body  can  be  played  on 
without  wetting  the  hair,  is  not 
often  fitted  to  private  shower  fix- 
tures, as  it  requires  considerable 
additional  space.  A  rubber  cap 
for  the  head  enables  one  to  use 
the  vertical  shower  with  a  fair 
degree  of  satisfaction. 

A  point  concerning  shower  fix- 
tures and  relating  to  the  safety  of 
the  user,  to  which  special  attention 
should  always  be  given,  is  that  of 
the  valve  arrangement.  If  the  design  renders  it  at  all  possible,  as  some- 
times is  the  case,  one  is  apt  inadvertently  to  scald  himself  by  at  first 


Pig.  13.    Type  of  Shower  Balh  Provided  in 
Couj unction  with  Bathtub. 
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turning  on  hot  water  alone.  The  chances  of  injury  in  this  way- 
increase  with  elaborate  combinations,  if  not  carefully  guarded  against 
by  the  designers ;  and  we  should  not  take  it  for  granted  that  they  have 
provided  such  safeguards.  As  a  rule,  reliable  makers  do  embody 
ample  mixing  chambers,   thermometers,  etc.,   in    such  apparatus, 


Fig.  li.     Shower-Bath,  with  Curiaiu 
Fitted  to  Receptor. 


Fig.  15.    Shower-Bath  with  Three  Marble 
Sides  and  Shallow  Marble  Base. 


where  necessary,  and  they  regulate  the  control  of  hot-service  valves, 
or  in  some  other  way  render  the  improper  use  of  them  unlikely. 

Sitz  Baths.  These  are  primarily  for  bathing  the  hips  and  loins 
in  a  sitting  posture,  but  may  be  fitted  with  special  features  as  ordered. 
Porcelain  and  enameled  iron  are  the  usual  materials.     The  fixtures 
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approximate  in  dimensions  15  inches  in  height  at  front  and  26  inches 
at  back,  and  are  26  to  30  inches  wide.  In  the  back,  at  a  proper  height, 
in  a  complete  fixture,  Hke  that  shown  in  Fig.  17,  is  a  horizontal  slit  ac- 
commodating fittings  for  a  "Liver  Spray" — a  wide  wave-like  spray  of 
water,  either  hot,  cold,  or  of  intermediate  temperature,  as  suits  the 
person.     In  the  bottom,  in  conjimction  with  the  outlet,  is  a  hot  or 

cold  douche,  equally 
under  control  of  the 
user.  In  the  center 
of  the  douche,  and 
operated  indepen- 
dently, is  a  Bidet  jet. 
These  provisions 
are  entirely  sepa- 
rate from  and  in- 
dependent .of  the 
regular  supply  fit- 
tings, but  one  waste 
fitting  is  used  in 
common  for  all. 
The  simple  s  i  t  z 
bath  has  the  regular 
Bell  Supply  a  n  d 
Waste,  like  those 
used  on  the  bath, 
the  dimensions  be- 
ing diminished  to 
suit.     For    the  ex- 

PJ!?.  10.    Shower-Bath  Fittiutis  with  Overhead  Douche  Ret  at    traordinarV     fca- 
an  Angle  on  a  Flexible  Joint.  *' 

tures,  these  fittings 
are  merely  adapted  in  a  way  to  give  the  user  convenient  control. 
For  all  but  the  simplest  fixtures,  the  control  appliances  are  in- 
variably fitted  through  the  rims,  the  valve  handles  being  provided 
with  proper  indices  to  guide  the  user.  Bidet  jets  in  combination 
with  sitz-bath  fittings,  have  to  a  great  extent  curtailed  the  use  of 
separate  Bidet  fixtures.  Bidet  jets  have  often  been  added  to  a 
water-closet,  but  a  satisfactoiy  application  cannot  be  made  to  a 
closet.     Separate  Bidet  fixtures  are  now  rare,  but  are  furnished  by 
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fixture  makers;  and  in  isolated  cases,  where  frequent  or  regular  use  is 
necessary,  are  preferable  to  any  combination  with  a  fixture  used  for 
other  purposes. 

The  sitz  bath  is  conveniently  used  for  a  foot-bath,  thus  making 
this  fixture  doubly  useful.  Indeed,  the  sitz  bath  is  a  more  comfortable 
means  of  bathing  the  feet  than  is  the  foot-bath  itself.  Children's  bath- 
tubs, small,  and  elevated  by  legs  to  the  height  of  a  lavatorv-,  are  made, 
but  no  well-defined  'demand  exists  for  them.  Greater  convenience 
to  the  nurse,  the  use  of  less  water,  and  quicker  filling  and  emptying, 
are  the  only  points  in  their  favor. 

Foot=Baths.  The  foot-bath  is  a  small  rectangular  tub  with  proper 
^^eet  and  rim,  fur- 
nished with  supply 
and  waste  of  the 
regular  bath  pat- 
tern, diminished  to 
suit.  The  sizes  av- 
erage sav  12  inches 
deep,  with  20-inch 
sides.  The  feet 
make  the  total 
height  about  18 
inches.  Fig.  18 
gives  a  good  idea  of 
the  usual  enameled- 
iron  foot-bath  fixture, 
materials 


<^ 


Xo.  17.    Sitz  Bath,  with  Complete  Fittings. 


Enameled  iron  and  porcelain  are  the  usual 
They  require  even  less  water  than  the  sitz  bath,  but,  as 
before  said,  are  not  so  convenient  for  the  purpose  as  the  sitz  fixture, 
and  are  not  installed  except  in  the  most  spacious  and  elaborate  bath- 
rooms. The  foot-bath  would  serve  admirably  as  a  child's  bath,  ex- 
cept  that  it  is  too  near  the  floor. 

Bidet  Fixtures.  The  majority  of  leading  fixture  makers  do  not 
now  catalogue  these.  They  consist  essentially  of  a  pedestal  like  a 
closet  pedestal,  with  bowl  and  rim  contracted  in  the  center,  giving 
an  outline  something  like  the  figure  8.  Proper  fittings  to  operate  the 
jet  and  waste  are  provided.  Porcelain  is  the  material.  As  men- 
tioned before.  Bidet  jets  are  furnished  in  combination  with  receptor 
shower  fixtures,  as  well  as  w^th  sitz  baths. 
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Drinking  Fountains.  Drinking  fountains  are  now  frequently 
used  in  stores,  schools,  and  residences,  the  various  fixtures  adapted 
to  such  installations  being  readily  obtainable.  The  basins  or  drip- 
slabs  for  public  indoor  fountains,  are  often  cut  to  order  by  the  manu- 
facturer; and  the  cooling  and  faucet  arrangements  are  provided  by 
the  plumber.  Porcelain,  enameled-iron,  and  marble  fountains  of 
stock  designs  are  made.  For  schools,  trough-like  basins,  either  with 
open  spouts  for  continuous  streams,  or  with  self-closing  faucets,  as 
shown  in  Fig.  19,  are  frequent.  The  fixture  shown  in  Fig.  20,  con- 
sisting of  solid  porcelain,  in  which  the  recessed  drain-slab  and  the 

hiffh    back    constitute    a    sing-le 


piece,  is  of  recent  design,  pre- 
sents an  excellent  appearance*, 
and  has  the  advantage  of  being 
easily  kept  in  immaculate  condi- 
tion. The  three  deep  waste  out- 
lets, above  each  of  which  is  a 
faucet,  afford  facilities  to  many 
users  in  a  short  space  of  time. 

One  device  which   serves  well 

for  common  use,  is  the  ordinary 

lavatory,  provided    with    a    stiff 

perforated  bottom  fitting  extending  well  up  toward  the  top  of  the  bowl. 

This,  with  a  proper  faucet  on  the  slab,  and  a  cup-chain  fitted  to  the 

extra  faucet-hole,  makes  a  useful  but  not  attractive  fixture. 

Recessed  porcelain  and  enameled  fountains  designed  to  be  placed 
in  wall  niches,  and  having  concealed  connections,  as  suggested  by 
Fig.  21,  are  neat,  and  require  very  little  room  outside  the  finished  wall 
line.  Countersunk  slabs  with  strainer  waste,  with  back  either  integral 
or  separate,  as  design  or  material  dictates,  are  made  in  marble  and 
porcelain.  Marble  fountains  are  adaptable  to  any  location,  because 
the  slab  and  back  can  be  cut  to  any  shape  or  dimensions  preferred. 
The  fountain  proper,  faucet,  cup,  and  pipe  waste  connection,  with 
strainer,  are  all  that  is  supplied  by  the  makers. 

A  type  of  fountain  shown  in  Fig.  22,  is  provided  with  a  flowing 
jet  of  water  from  which  one  can  drink  without  placing  the  lips  in 
contact  with  any  metal  surface.  The  small  central  bowl  or  cup  is 
constantly  submerged  and  cleansed  in  the  stream  of  water  which 


Fig.  18. 


Common  Type  of  Enameled-iron 
Foot -Hath. 
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passes  outwardly  over  it,  thus  avoiding  the  danger  incident  to  the 
common  use  of  the  same  drinking  cup  by  many  persons.     The  surface 


ig.  19.    School  Drinking  Fountain-Enameled  Iron,  with  Self-Closing  Faucet. 

does  not  afford  lodgment  to  possible  germs  of  disease,  which  are  most 
liable  to  transmit  contagion  when  allowed  to  become  dn-  and  adhere 
to  a  surface. 

La^•atories.  Lavatories  are  made  from  porcelain,  enameled  iron, 
marble,  and  om-x,  in  numerous  patterns.  The  number  of  designs  is 
so  large  that  they  are  best  understood  if  considered  in  the  classes  into 
which  they  may  be 
divided.  In  marble 
and  on^-x  fixtures, 
the  slab,  back,  and 
bowl  are  necessarily 
separate  pieces.  In 
anv  but  vers-  accu- 
rate  fitting  and 
erecting,  the  un- 
avoidable joints 
soon,   if    not   from 

the    beginning,     in-       Fig.  20.    Porcelain  Drinking'Fountain.  Recessed  Drain-Slab 
-.      .\  ,  and  High  Back  in  One  Piece. 

Mte  the  accumula- 
tion of  dirt.     Poor  workmanship,  settling,  abortive  countersinks,  and 
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faucet  bosses  not  cut  free  within  the  countersink,  have  in  many  cases 
brought  slab  types  of  basins  into  unjust  repute,  or,  at  least,  have 
given  basis  for  strong  talking  points  against  them,  which  have 
been  effectively  so  used.  If  made  and  installed  in  the  most 
approved    manner,    these    styles,    properly    cared    for,    offer    \ittle 


Fig.  21.    Porcelain  Recessed  Drinking  Fountain. 

reason  for  severe  criticism.  One  fact,  however,  must  be  borne  in 
mind  when  comparing  marble  with  other  materials  used  for  plumb- 
ing fixtures — namely,  that  marble  is  not  an  impermeable  stone. 
Nearly  all  marbles  (excepting  only  the  very  hardest  and  most  dense) 
are  quite  absorbent,  and  depend  upon  the  surface  finish  given  to  the 
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slab  to  resist  the  entrance  of  liquids  into  the  body  of  the  stone.  As 
soon  as  the  surface  becomes  roughened  by  Avear,  the  greasy  and  acid 
wastes  penetrate  into  the  pores,  and  the  marble  becomes  permanently 
discolored.  Only  a  limited  obser\-ation  of  the  bad  condition  of  marble 
floors  or  urinal  slabs  which  have  been  subjected  to  use  for  a  few  years, 
is  necessaiy  to  confirm  this  statement. 

Ordinary  Tennessee,  Veined  Italian,  Hawkins  County  Tennessee, 
and  Statuary  Italian  marble,  range  in  cost  in  the  order  mentioned. 
Fancy  imported  marbles  and  on^Tc  are  much  more 
expensive.  Tennessee  marble  varies  in  color 
from  grayish  Ijrown  to  very  dark  reddish  brown, 
uniformly  intermixed  with  light  specks.  The 
Hawkins  County  marble  is  bright  reddish  and 
white-mottled.  All  the  ordinary  materials  are  cut 
in  stock  sizes,  and  may  also  be  had  to  order,  like 
the  more  costly,  in  any  size  and  shape  desired. 

The  t}^e  with  apron  or  skirting,  shown  in 
Fig.  23,  has  legs,  and  the  slab  is  supported  contin- 
uously by  the  skirting.  In  those  supported  by 
brackets  or  leg-brackets,  the  strength  of  the  slab  is 
depended  upon  for  support  between  the  bearings. 
Legs,  brackets,  and  all  other  metal  trimmings 
shoukl  be  in  keeping  with  the  character  and  cost 
of  the  stone  slab.  If  brackets  are  properly  spaced, 
the  weight  is  so  balanced  as  to  leave  very  little 
sagging  strain  on  the  center  of  the  slab.  A  shelf  of  marble,  or  a 
mirrqr  with  marble  frame,  or  both,  may  be  fitted  above  the  back  as  a 
part  of  the  fixture. 

Porcelain  and  enameled-iron  lavatories  have  bowl,  back  apron, 
and  soap-cup  in  one  piece.  The  pedestal  of  the  lavatory  illustrated 
in  Fig.  24  is  separate,  of  course,  and  no  back  is  required,  but  the 
general  features  of  integral  construction  are  shown.  There  are  no 
joints  to  open.  The  only  injury  possible  to  them  is  the  marring  or 
fracture  of  the  glaze  or  enamel.  Porcelain  and  iron  lavatories,  unlike 
those  of  marble,  are  adapted  to  pedestal  support;  and  some  very 
desirable  patterns  are  therefore  made  in  these  materials  onlv.  Neither 
pedestal  nor  wall  lavatories  are  suitable  for  use,  except  where  the  wall 
or  wainscoting  is  of  marble,  tile,  or  some  other  waterproof  material. 


Fig.   2-2.      Dviukiug 

Fountaiu.  No  Cup 

Necessai-y. 
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Fig.  33.    Brazilian  Agate  Slab  Lavatory,  with  Apron  and  Legs. 
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To  provide  for  leaving  the  floor  clear  and  free  of  obstruction,  lavatories 
supported  on  brackets  or  hangers,  as  indicated  in  Fig.  25,  with  supplv, 
waste, 'and  ventilating  pipes  fitted  on  or  into  the  wall,  are  best.  If 
found  practicable,  a  neater  job  results  if  all  pipes  leading  to  and 
from  pedestal  lavatories  are  carried  through  the  pedestal.  A  supply 
and  waste  run  to  the  floor  is  generally  far  easier  and  cheaper  to  secure 
than  the  fitting  of  all  pipes  to  the  wall. 

The  purchaser  seeking  iron  or  porcelain  fixtures,  has  no  choice 
of  styles  beyond  that  which  the  market  regularly  affords.  If  he  pre- 
fers the  workable  materials,  he  shoidd  insist  upon  certain  features  of 
design  which  are  essential  to  the  best  service.  Abrupt  edges  and  sharp 
corners  should  be  avoided;  the  slab  ought  to  be  at  least  H inches 
thick,  and  the  back  not  less  than  12  ^ 
inches  high;  the  general  dimensions 
must  be  as  liberal  as  space  will 
allow  or  the  service  demands  (not 
less  than  22  by  32  inches  for  a  14  by 
17-inch  bowl);  the  countersinking 
must  be  deep,  y^g  to  j  inch;  the 
faucet  bosses  must  not  join  the  gen- 
eral border  level  at  all;  the  faucets 
must  not  be  less  than  12  inches 
apart,  nor  so  near  the  bowl  that  it 
will  be  difficult  to  secure  them  to 
the  slab ;  nor  may  they  be  placed  so 

,  _L      ii       1        1  ,  1  •  Fig.  24.    Lavatory  on  Pedestal. 

close  to  the  back  as  to  make  repair- 
ing troublesome  with  any  type  of  Fuller  faucets;  the  joint  surface  of 
the  bowl  must  be  ground  to  fit  the  slab,  and  provided  with  not  less 
than  four  well-drilled  anchor-holes  for  clamps  to  secure  it. 

Round  bowls  were  formerly  quite  generally  in  use,  but  are  now 
almost  relegated  to  memory.  The  width  of  slab  needed  for  a  roomy, 
round  bowl  is  too  great;  and  at  best  the  arms  of  the  user  must  be 
cramped  in  a  somewhat  vertical  and  awkward  position,  while  the 
smaller  sizes  are  very  uncomfortable  in  this  respect.  The  sudden 
opening  of  the  faucet  when  the  bowl  is  empty,  is  likely  to  ricochet  water 
with  annoying  results.  This  is  caused  by  the  water  striking  the 
curved  bowl  surface  at  a  tangent,  and  is  not  peculiar  to  the  circular 
bowl;  the  oval  or  crescent,  or,  indeed,  any  shape  of  bowl  that  presents 
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a  curved  surface  to  which  the  faucet  stream  is  tangent,  favors  the  same 
result;  the  ovals  in  integral  fixtures  are  the  most  annoying.  Marble 
and  onyx  have  an  advantage  over  porcelain  and  enameled  lavatories 
so  far  as  ricocheting  is  concerned.  The  opening  in  the  slab  is  not  so 
large  as  the  bowl,  and  thus  a  liorizontal  overhanging  ledge  is  formed 
all  around,  above  the  bowl,  which  generally  intercepts  the  water  in  a 
wav  to  keep  it  off  the  floor  and  person.  Porc(>lain  and  enameled 
fixtures  have  not  this  virtue.     The  bowl  surface,  being  integral  with 

the  slab,  is  uninter- 
rupted and  continu- 
ous: hence  ricocheting 

1         •  •  •    • 

'         is    more   violent  with 

them  than  is  possible 
I  with  the  separate  bowl, 
i  Oval 'bowls  are  now 

:  ill  general  use  on  all 
types  of  lavatories. 
They  employ  slab 
space  to  the  best  ad- 
vantage, and  are  the 
most  convenient  for 
use.  The  crescent  or 
kidney  shape,  illus- 
trated in  Fig.  26,  is, 
however,  as  far  super- 
ior to  the  simple  oval 
bowl  as  the  oval  is  to 
the  round.  It  permits  the  forearms  to  lie  in  a  natural  and  most 
convenient  position  when  dipping  w'ater  to  lave  the  face.  This  form 
of  bowl  should  be  accompanied  with  a  scalloped  or  recessed  front. 
The  D-shaped  bowl,  and  other  bowls  embracing  the  prime  feature 
of  the  D-shape,  wdiile  not  so  graceful  in  appearance,  are,  without 
exception,  to  be  preferred,  on  the  score  of  utter  absence  of  ricocheting 
when  the  faucets  are  properly  placed.  The  D-shape,  a  transverse 
section  of  which  is  shown  in  Fig.  27,  has  a  semi-oval  front,  with  the 
end  lines  continued  parallel  some  distance  past  the  major  axis,  and 
with  a  straight-line  back  nearly  vertical.  This  form  gives  a  nearly 
fiat  surface  in  the  bottom  between  the  back  w'all  and  major  axis,  on 
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I^avatory  Supported  on  Brackets. 
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Walls  of  Common  Brick  with  Red  Mortar  Joints  and  Trimmed  with  Red  Brick. 

Slate  Roof. 


EXAMPLE  OF  DOUBLE  GARAGE  FOR  E.  D.  WEARY,  CHICAGO.  ILL. 

W.  Carbys  Zimmerman,  Architect,  Chicago,  111. 

Built  in  1904. 
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which  surface  the  stream  strikes  and  breaks  when  the  bowl  is  empty. 
A  depth  of  water  is  quickly  formed  untler  the  stream,  which  checks 
any  spraying  or  spattering. 

The  traps  used  for  lavatories  are  leao  or  brass  (either  cast  or 
tubes),  or  combinations  of  these  materials,  plain  or  vented  or  of  anti- 
siphon  design.  One  trouble  with 
hivatoiy  trap  ventilation,  is  the  dif- 
ficulty of  obtaining  a  vertical  rise 
directly  above  the  trap.  These  vent 
connections  should  be  carried  as 
nearly  vertical  as  possible,  as  high 
at  least  as  the  bottom  of  the  lavatory 
slab,  before  any  horizontal  run  is 
made ;  otherwise  the  choking  of  the 
waste  pipe  would  float  solid  matters  Fig.26.  piauofL 
into    places    from    which 


avatory  Slab  with  Cres- 
cent or  Kidney-Shaped  Bowl. 


would  not  dislodge  them 


gravity 
In  the  absence  of  water-wash  in  the  vent 
pipe,  these  solids  would  obstruct  the  vent  and  defeat  its  purpose. 
This  danger  is  not  given  due  attention  by  many  plumbers.  The 
patent  and  horn  overflow  bowls,  with  plug  and  chain,  are  the  cheapest 
effective  means  of  controlling  the  overflow  and  waste  from  the  bowd. 
The  standing  waste,  of  essentially  the  same  design  as  the  waste  fitting 
for  a  l>athtub,  with  the  body  fitting  projecting  through  the  slab  at  the 

rear  of  the  bowl,  is  perhaps  the  most  satis- 
factory waste  and  overflow  arrangement. 
^"arious  schemes  for  operating  basin  stoppers 
by  means  of  levers  and  swivels,  are  em- 
ployed; but  none  of  them  has  come  into 
more  than  limited  use. 

Basin  faucets,  aside  from  special  designs, 
are  made  on  three  general  operating  princi- 
ples— (1)  screw-compression;  (2)  eccentric 
action  without  springs;  and  (3)  self-closing. 
They  are  also  made  in  two  types — with  reg- 
ular and  low-down  nozzles.  All  of  these  are  represented  in 
Fig.  28.  The  regular  type  has  the  nozzle  some  distance  above  the 
base  flange,  and  screws  into,  or  is  cast  on,  the  body.  The  low- 
down  type  has  its  nozzle  with  a  flat  bottom,  hugging  the  slab    as 


Fig.  27.     Transverse  Section 

of  D-Shaped  Lavatory 

Bowl. 
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closely  as  practicabl(>.  The  objection  to  the  lo\v-<Unvn  is  the  inac- 
cessible narrow  space  between  the  nozzle  and  slab,  which  becomes 
filthy  and  is  difficult  to  clean.  High,  projecting  nozzles  obstnict  the 
space  over  the  bowl,  especially  when  washing  the  hair,  but  are  other- 
wise most  satisfactory.  The  high  nozzle  gives  trouble  with  patterns  of 
faucets  that  separate  in  the  body  for  repairs,  such  as  the  Fuller  type, 
which  closes  rapidly  with  pressure.  The  fault,  however,  is  often 
that  the  slab  is  so  shallow  as  to  necessitate  the  faucets  being  placed  too 
close  to  the  back  to  turn  without  removing  the  nozzles.  If  these  are 
cast  on,  removal  of  the  whole  faucet  is  required  before  it  can  be 
separated.  Some  faucets  are  made  with  union  joint  in  the  body, 
thus  avoiding  such  trouble;  but  these  are  not  widely  used. 

The  false  economy  which  often  dictates  the  purchase  of  a  small 
slab,  generally  also  prevails  in  the  selection  of  its  trimmings.  Com- 
pression faucets  close  against  the  pressure,  and  are  slow  in  action, 
causing  practically  no  reaction.  They  are  generally  responsible  for 
the  omission  of  air-chambers  on  supplies  of  medium  pressure.  On 
account  of  their  slow  action,  they  are  suitable  for  high  pressures 
although  but  little  weight  is  given  this  fact  by  the  trade.  The  features 
essential  to  good,  lasting  service  in  the  compression  faucet,  are:  a 
cross-handle,  a  stuffing  box,  a  raised  seat,  and  a  swivel  disc.  Self- 
closing  faucets  of  various  patterns  are  made  with  a  view  to  preventing 
waste  of  water,  the  intention  being  to  compel  the  user  to  hold  the  faucet 
open  only  as  long  as  water  is  needed,  and  to  insure  automatic  closing 
when  it  is  released.  There  are  none  such  except  the  crown-handled, 
that  an  ingenious  person  cannot  find  means  to  hold  open  at  will;  yet, 
Avithal,  self-closing  faucets  are  of  great  value  in  reducing  wastage. 
A  rabbit-eared  faucet  can  be  kept  open  by  placing  a  ring  over  the 
handles  while  squeezed  together;  the  telegraph  bibb,  by  weighting 
down  or  tying  up  the  lever;  and  the  T-handled,  while  not  so  easily 
controlled,  can  be  tied  open  by  a  lever  secured  to  the  handle.  The 
crown-handled  design  can  be  operated  with  ease  by  the  hand  of  the 
user,  but  does  not  readily  lend  itself  to  unauthorized  control  by  means 
of  a  mechanical  stop.  Self-closing  faucets  require  strong  and  well- 
designed  springs  to  close  them  against  the  force  of  the  water.  They 
have  sometimes  come  into  disrepute  through  leakage  for  lack  of 
adequacy  in  this  feature  of  their  construction. 
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T^avatorv  supports  should  have  positive-  means  of  leveHng  the 
slab,  such  as  set  screws,  screw-clowels,  or  whatever  adjustment  the 
kind  of  lavaton-  and  support  may  be  best  suited  to.  Lavatory' 
brackets  are  generally  at  fault  in  having  limited  bearing  at  the  bottom 
of  the  wall-face.  This  point  of  the  bracket  is  where  all  the  strain  is 
thrown  against  the  wall,  and  the  effect  is  noticeable  if  the  upper  end 
springs  away  ever  so  little.  Full-length  brackets  are  not  open  to  this 
criticism,  but  they  interfere  with  the  washboard  or  other  finish  next 
the  floor. 

Sinks.  These  are  made  in  foin-  general  classes  according  to  the 
purpose  to  be  served — namely,  Kitchen,  Pantry,  Slop,  and  Factory 
or    Wash-Sinks.     The    materials    used    are: — Porcelain;   enameled. 


Fig.  28.    Common  Tj-pes  of  Basin  Faucets. 

galvanized,  and  painted  cast  iron;  enameled,  galvanized,  and  painted 
wrought  iron;  brown  glazed  ware;  copper;  slate;  soapstone;  various 
compositions;  and  occasionally  wood.  Porcelain  and  enameled 
cast  iron  are  most  used,  galvanizetl  and  painted  sinks  being  confined 
principally  to  factory  use.  Smks  of  extreme  length,  in  one  piece,  as 
shown  in  Fig.  29,  or  sectional,  G  to  8  inches  deep,  with  supplv  and 
faucets  over  the  center  line  or  at  the  side,  belong  to  the  factors-  class. 
These  are  usually  provided  with  a  flat  rim,  rest  on  pedestals,  and  are 
not  over  24  inches  wide.  There  are  also  roll-rim  patterns,  with 
bracket  support  and  iron  back,  and  with  faucets  fitted  through  the 
back.  These  are  generally  8  inches  deep  and  about  20  inches  wide. 
Kitchen  sinks  vary-  in  size  according  to  general  requirements. 
Common  sizes  are  18  by  30  inches  and  20  by  30  inches.     The  depth 
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ranges  from  G  to  7  inches.  There  are  two  types  of  iron  sink — flat-rim, 
with  outlet  at  end;  and  roll-rim,  with  outlet  in  center.  Neither  style 
of  outlet  is  always  desirable  as  to  connection;  but  the  center  outlet 
drains  more  directly.  The  flat-rim  type  is  not  provided  with  legs. 
Cast  legs  were  formerly  furnished,  being  attached  to  the  sink  by  slip- 
ping into  dovetails.  When  legs  are  desired  for  this  type,  the  plumber 
provides  gas-pipe  legs,  with  or  without  a  top  frame.  Iron  splash- 
backs are  provided  for  flat-rim  sinks,  but  not  of  the  deep  pattern  in 
which  air-chambers  may  be  cast.  Plumbers  drill  these  sink  rims 
to  attach  brackets  or  legs,  and  sometimes  also  to  secure  to  them 
hardwood    capping    or    drainboard.     Hardwood    drainboards    are 

generally  provided  by 
the  plumber's  carpen- 
t  e  r.  Hardwood 
splash-backs,  set  free 
of  the  wall  to  permit 
circulation  of  air  be- 
hind the  fixture,  are 
also  provided.  Some- 
times marble  splash- 
backs are  providetl. 
]Marble  is  best,  but  is 
not  in  keeping  with  a  flat-rim  sink.  The  back  may  extend  to  the 
end  of  the  drainboard,  or  merely  cover  the  length  of  the  sink.  Omit- 
ting the  back  behind  the  drainboard,  as  represented  in  Fig.  30,  is 
often  thought  desirable.  The  drainboard  slundd  be  free  of  the  wall 
when  the  back  is  not  extended.  Iron  sinks,  with  roll  rim  on  front 
and  ends,  are  furnished  with  drainboards  suited  to  attach  to  either 
or  both  ends.  These  may  be  added  as  an  after-consideration,  or 
changed  from  side  to  side  at  will,  if  there  is  but  one  drainboard,  or 
removed  entirely,  without  marring  the  looks  or  service  of  the  sink. 
This  interchangeability  commends  itself  to  both  plumber  and  cus- 
tomer. 

Roll-rim  sinks,  with  the  end  recessed  to  receive  a  drainboard,  are 
also  made,  which  give  good  service,  but  in  any  subsequent  change  of 
location  require  setting  in  the  original  relative  position. 

Wooden  drainboards,  with  an  iron  end  to  attach  to  sink,  and 
enameled-iron  drainboards,  are  furnished  if  ordered. 


Fig.  29.    Long  Wasb-Sink  for  Factory  Use. 
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Open  strainers  are  most  frequently  fitted  to  sinks,  in  which  case 
the  sink  cannot  be  then  used  for  washing  dishes,  but  merely  serves  as 
a  support  for  dishpans  and  other  vessels  and  as  a  catch-all  for  drippings 
from  the  drainer.  Hence  the  open-strainer  sink  nuist  be  large  enough 
to  accommodate  suitable  washpans,  etc.,  while  one  fitted  with  a  plug- 
strainer  should  be  relatively  small  if  it  is  designed  to  use  the  sink 
proper  as  a  washpan. 

The  use  of  wooden  sinks  in  large  installations,  such  as  hotel 
kitchens  and  restaurants,  is  not  unusual,  the  theory  of  their  use  beine 
that  less  breakage  of  crockery  occurs,  by  reason  of  the  softness  of  the 


m 
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Fig.  30.    Enameled-Iron  Kitchen  Sink  Supported  on  Brackets.    Splash-Back 
Omitted  behind  Drainboard. 

material.  The  argument  against  the  use  of  wood  is  not  given  due 
weight  in  this  connection.  The  well-recognized  objection  to  anv 
porous,  absorptive  material  which  retains  moisture  and  is  subject  to 
decomposition,  is  especially  to  be  considered  in  the  use  of  wood  for 
greasy  wastes.  For  the  reason  mentioned,  wood  is  never  a  suitable 
material  for  this  use. 

Rubber  mats  are  essential  for  both  sinks  and  drainboards  havino- 
enameled  or  glazed  surfaces,  in  order  to  avoid  accidental  injury  to 
the  articles  cleansed.  As  a  matter  of  fact,  the  average  dwelling  has 
but  one  sink,  which  serves  both  kitchen  and  pantry  purposes.  Dual 
service  is  not  alw^ays  satisfactory,  however,  as  no  sink  can  be  well 
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adapted  to  both  uses  for  a  large  family.     A  plug-strainer  sink  should 
also  be  provided  with  an  overflow. 

Porcelain  and  iron  sinks  have  generally  been  supplied  with  loose 
backs;  but  sinks  of  one  piece — that  is,  with  sink  and  back  integral — 
are  now  obtainable.  Sinks  with  integral  apron  or  skirting  all  around, 
to  be  placed  free  of  the  wall,  are  suitable  for  installation  where  the 
wall  is  waterproof. 

Sinks  are  built  from  slabs  of  natural  stone  as  desired,  and  may 
be  with  or  without  drainboard  or  skirting.  They  are  generally  pro- 
vided with  a  high  splash-back.  These  sinks  are  not  limited  to  the 
patterns  of  a  moulding  room,  and  easily  keep  pace  with  the  desires 
of  the  purchasers.  Selection  is  confined  to  a  choice  of  material, 
as  every  desirable  type  of  fixture  is  easily  supplied. 

In  the  use  of  any  natural  stone,  such  as  slate  or  soapstone,  for 
plumbing  fixtures,  and  especially  for  sinks,  it  should  not  be  forgotten 
that  angles  and  rectangular  corners  are  with  difficulty  maintained 
entirely  free  from  deposit.     Although  the  flat  surface  can  be  readily 
scoured,  it  is  always  difficult  to  clean  the  sharp  angles  and  corners 
satisfactorily.     The  difficulty  is    increased  by  the    fact    that    some 
plastic  jointing  material,  such  as  putty  or  cement,  must  be  used  in 
putting  together  the  fixture;  and  small  fragments  of  this  material 
pi'oject  into  the  angles  and  render  the  corners  rough.     Stone  and 
porcelain  sinks  are  heavy,  and  require  careful  packing  for  shipment. 
Air-chambers  may  be  cast  in  iron  sink-backs.     The  ordinary 
sink-back  is  not  well  suited  to  the  convenience  of  the  plumber  where 
supplies  to  any  fixtures  pass  up  behind  the  sink.     The  faucet-holes 
cannot  be  changed,  and  slots  for  pipe  are  not  provided  at  the  top 
edge.     Sawing  these  gaps  after  the  goods  are  enameled,  leaves  the 
fixture  with  an  unfinished  appearance.     The  proportion  of  shank  to 
the  handle  of  faucets  of  the  Fuller  pattern  used  on  sink-backs,  must 
be  such  that  the  handles  will  turn  straight  back. 

A  popular  fixture  of  comparatively  late  design,  adapted  for  small 
dwellings  and  now  made  in  the  cheaper  materials,  is  the  kitchen  sink 
in  combination  with  a  single  laundry  tray,  an  example  of  which  is 
shown  in  Fig.  31.  In  this,  the  drainboard  serves  as  a  cover  for  the 
tray  when  the  sink  is  in  use.  Sinks  have  also  been  su})plied  in  com- 
bination with  lavatories,  one  sink  being  placed  in  the  center  or  at 
the  end  of  a  lottery  of  lavatories. 


256 


PLUMBING 


33 


A  pantry  sink  (Fig.  32)  should  always  be  provided  with  a  drain- 
board.  It  is  a  smaller  fixture  than  the  kitchen  sink,  and  is  nearly 
always  of  the  plug-strainer  and  overflow^  type.  Its  faucets  are  gener- 
ally of  the  high-nozzle  type,  like  those  for  shampoo  purposes,  but  of 
smaller  capacity  and  better  adapted  to  rinsing  than  are  kitchen-sink 
faucets.  Indeetl,  the  pantry  sink  proper  need  not  necessarily  differ 
at  all  from  sinks  used  for  other  purposes.  Ever}^  feature  of  its  trim- 
mings and  setting  is  intended  to  best  serve  the  butler's  needs. 

The  waste  matter  from  the  butler's  sink  is  not  like  that  from  the 
kitchen  sink;  hence  the  waste  pipe  is  not  necessarily  so  large,  nor  is  a 
grease-trap  so  badly 
needed.     Grease  in 
considerable  (juan- 
tities  finds  its  way 
into  kitchen-sink 
waste    pipes.     It 
floats  on  the  stream 
of  waste  water  as  it 
travels  through  the 
pipe,    and,    being 
always  next  the  in- 
terior surface,  either 
adheres  thereto  on 
contact,  or  by  a  re- 
duction in  tempera- 
ture is  chilled  and 
congealed,,  thus  clinging  to  the  pipe  walls-     Successive  layers  of 
grease  are  in  this  way  accumulated,  and  the  bore  of   the   pipe   is 
finally  reduced  so  much  that  solid  matter  easily  completes  the  stop- 
page.    Forcing  out,  and  then  filling  the  pipe  with  boiling  lye  water, 
and  again  flushing  with  hot  water,  will  usually  remove  most  of  the 
obstruction.     Sometimes  the  lye  loosens  the  grease  in  chunks,  which 
61cg  the  pipe  seriously  at  the  first  favoring  point,  and  the  pipe  must 
then  be  cleaned  manually. 

When  once- choked  with  grease,  the  pipe  must  ultimately  be 
opened  and  cleaned  by  hand,  often  at  material  expense  when  long 
lines  are  deep  underground.  To  avoid  this  trouble,  various  traps 
(of  which  two  examples  are  shown  in  Fig.  33)  have  been  designed  to 


Fig.  31.    Kitchen  Sink  and  Single  Laundry  Tray  Combined. 
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separate  and  collect  the  grease,  either  by  flotation  or  by  chilling — 
generally  by  the  former.  Traps  to  collect  the  grease  by  flotation  were 
formerly  improvised  by  the  plumber,  being  placed  in  the  drainpipe  just 
outside  the  building.  This  location  left  too  much  pipe  subject  to 
choking  between  the  grease-trap  and  the  sink;  and  the  trap  itself 
often  became  a  generator  of  bad  odors  in  warm  weather. 

The  grease-traps  now  commonly  furnished  are  placed  in  the 
kitchen  unfler  the  sink,  and  frequently  serve  as  the  regular  trap  for 

^ --^      the  fixture.     The  grease 

y^^^"^  fh  r\  is  easily  removed  by  lift- 

ing out  the  container  or 
by  skimming  from  the 
top.  Hinged  bolts  with 
thumb-nuts  secure  the 
covers  so  that  they  can 
be  easily  and  quickly 
opened  and  securely 
closed. 

Traps  which  chill 
the  grease  are  not  used 
so  much  as  those  acting 
by  simple  flotation,  but 
they  do  the  work  per- 
fectly. The  chilling  proc- 
cess  is  accomplished  by 
means  of  a  water  jacket  through  which  the  cold-water  supply  passes. 
The  water  entering  low,  surrounds  the  wall  of  the  pot  trap  within, 
and  passes  out  high  up  on  the  opposite  side  (see  fixture  at  left  in 
Fig.  33).  Circulation — or,  rather,  change  of  water — in  the  jacket,  is 
dependent  on  the  amount  of  water  used  at  the  fixtures. 

The  usual  slop  sink  is  18  by  22  inches  and  about  12  inches  deep. 
Generally  it  is  furnished  mounted  on  a  trap  standard,  as  in  Fig.  34, 
which  serves  the  double  purpose  of  support  and  waste-trap. 

Care  should  be  taken  before  installing  a  fixture  placed  upon  a 
trap  standard,  to  examine  carefully  whether  the  seal  of  the  trap  is 
provided  for  by  suitable  interior  partitions.  It  is  not  uncommon  to 
find  defects  in  the  casting,  if  of  iron  or  brass — or  in  the  porcelain,  if 
of  that  material — which  would  seriously  affect  the  maintenance  of  the 


Fig.  32.    Pantry  Sink. 
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water  seal.  In  fact,  it  is  desirable  in  connection  with  slop  sinks,  as 
with  all  other  fixtures,  that  the  trap  be  of  such  a  form  as  to  show 
clearly,  even  after  being  set  in  place,  the  position  of  the  various  por- 
tions which  constitute  the  trap  and  maintain  the  water  seal. 

The  waste  pipe  is  never  less  in  diameter  than  2  inches,  and  is 
usually  3  or  4  inches.  The  outlet  is  invariably  through  an  open 
strainer. 

Slop  sinks  are  manle  in  all  the  materials  common  to  other  fixtures 
except  natural  stone.  These  sinks  are  to  the  chambermaid  what  the 
kitchen  sink  is  to  the  cook.  The  shape  and  liberal-sized  waste  are 
well  adapted  to  remo\ing  slop  and  scrub  water.  In  the  complete 
fixture,  the  sink  is  provided  with  an  elevated  tank  and  flushing  rim. 


^^ 


Fig.  33.    Types  of  Kitchen  Sink  Traps  for  Separating  and  Collecting  Grease. 

to  cleanse  the  fixture  walls;  also  with  hot  and  cold  supplies  for  drawing 
water,  rinsing  mops,  etc.  The  supplies  usually  connect  between  the 
valves,  and  terminate  with  a  long  spout  with  pail-hook  and  brace. 
The  spout  supports  the  pail  over  the  center  of  the  sink  while  filling. 
The  ordinary'  slop  sink  is  provided  with  hot  and  cold  faucets;  and  as 
the  rims  of  the  cheaper  kinds  are  plain  flanges,  no  tank  flushing  is 
possible. 

Laundry  Tra\s.  These  are  made  in  all  the  materials  used  in 
other  plumbing  fixtures.  Wood  trays  were  formerly  common  but 
their  unfitness  because  of  absorption  and  odors,  coupled  with  the 
increase  in  cost  of  lumber  and  the  lessening  in  cost  of  the  better 
materials,  has  effectually  driven  them  out  of  the  business. 
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The  same  inherent  objeetion  to  the  nse  of  wooden  covers  may  be 
urged  as  to  the  use  of  that  material  for  the  body  of  the  fixture. 

Trays  are  made  singly  and  otiierwise,  but  generally  used  in  sets 
of  two  or  three,  except  in  the  combination  with  sink  already  described. 

They  are  supported  by  a  center 
standard  or  a  metal  frame,  as  best 
suits  the  material  used. 

Some  means  of  attaching  wring- 
ers are  provided,  if  possible.  The 
w^aste  is  usually  2-inch.  One  trap 
answers  for  a  set  of  trays.  The 
size  approximates  26  by  30  inches  at 
top,  with  1")  inches'  depth.  The 
walls  are  all  vertical  except  the  front, 
which  inclines  about  30  degrees, 
making  the  width  at  bottom  con- 
siderably less  than  at  top.  Some 
makers  furnish  one  trav  with  each 
set,  designed  to  serve  as  a  wash- 
board, the  interior  of  the  front  wall 
being;  corrugated  like  the  surface  of 
a  portable  washboard.  The  incli- 
nation of  the  front  is  about  right  for 
scrubbing,  whether  the  tray  or  an 
ordinary  board  is  used,  and  the  sup- 
ports place  the  top  of .  trays  conven- 
ient to  the  work. 

All  trays  were  formerly  made  with 
faucet-holes  in  the  back;  and  the 
plumber  furnished  a  hinged  cover. 
Side-handle  fauc-ets  were  necessary 
to  allow  the  cover  to  close,  as  holes 
for  top-handle  faucets  would  be  so 
low  as  to  make  useless  too  nuich  t)f 
the  space  above  them.  The  faucet- 
holes  were  seldom  fitted  water-tight.  Holes  are  not  now  made  in 
trays  umess  ordered,  and  the  side-handle  w^ash-tray  bibb  is  disap- 
pearing.    They  were  always  annoying.     If  placed  with  the  handles 


Fig.   34. 


Slop  Sink  Moiinted   on  Ti-ai) 
Standard. 
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right  and  left  as  intended,  the  seat  could  not  he  examined,  and 
no  reaming  or  dressing  of  the  faucet  seat  could  be  done  without  re- 
moving the  faucet.  When  placed  with  the  faucet  handles  facing  each 
other,  they  were  wrong-handed  and  too  close  together.  It  was  awk- 
ward to  supply  air-chambers — especially  so  when  all  the  faucet  holes 
were  equidistant  from  the  top.  When  placed  for  one  line  of  supply 
above  the  other,  one  line  of  holes  was  too  low.  These  objections  com- 
bined brought  about  the  practice  of  omitting  the  covers,  putting  the 
supplies  over  the  trays,  and  using  regular  sink  faucets.  Overflows  are 
provided  only  when  so  ordered. 

Enameled  backs  with  air-chambers  and  faucets  are  supplied  with 
roll-rim  enameled-iron  trays.     A  complete  set  of  three  trays,  with  all 


Fig.  35.    Set  of  Three  Laundry  Trays,  with  complete  attachments  and  Fittings. 

attachments  and  fittings,  is  shown  in  Fig.  35.  Flat-rim  trays  are 
made  with  or  without  faucet-holes,  and  are  intended  to  have  a  hard- 
wood frame  to  secure  them  rigidly.  The  wood  frame  and  cover  can 
be  had  with  the  fixture,  but  the  plumber  often  supplies  them.  Nickel- 
plated  or  plain  brass  wastes  and  traps  are  furnished  for  trays,  but 
the  plumber  can  provide  lead  or  cast-iron  waste,  if  wanted. 

Water=Closets.  Types  of  water-closets  are  innumerable,  and 
are  separable  into  classes  according  to  principles  of  action.  Porcelain 
and  painted  or  enameled  iron  are  the  materials  used.  Porcelain  is 
more  fragile,  but  has  the  better  finish  and  is  susceptible  of  a  greater 
variety  of  design  and  ornamentation.  The  all-vitreous  body  of 
water-closet  china  of   to-day  is  far  superior  to  the  glazed  clay  ware 
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of  the  past,  which,  depending  only  on  surface  impermeabiUty,  soon 
cracked  Imdly,  thus  permitting  of  absorption,  the  forerunner  of  odors 
which  no  phmiber's  skill  could  prevent.  Enameled  iron  has  not  so 
durable  a  surface,  but  will  stand  rough  usage,  and  has  the  advantage 
of  very  seldom, cracking  from  frost  even  though  the  water  in  the  trap 
freezes. 

The  greater  relative  advantage  and  durability  of  the  porcelain 
closet  over  the  best  qualities  of  enameled-iron  fixtures,  should  not  be 
overlooked.  There  is  less  adherence  of  the  foul  wastes  to  a  porcelain 
surface  than  to  the  enameled  surface.  It  is  also  a  fact  that  enamel 
is  subject  more  or  less  to  abrasion  by  the  use  of  harsh  scouring  ma- 
terials, as  well  as  to  decomposition  by  uric  acid  and  water-closet  dis- 
charges, and  is  therefore  not  a  very  durable  material.  These  state- 
ments can  be  confirmed  by  observation  of  closets  which  have  been 
in  use  for  a  number  of  years. 

Iron  closets  of  the  better  forms  are  used  most  in  public  places, 
stores,  M^arehouses,  etc.  The  pan  closet,  of  iron,  witli  earthenware 
bowl,  is  not  now  installed.  For  these,  a  trap  was  placed  under  the 
floor.  The  pan,  operated  by  the  same  lever  as  the  flushing  valve, 
retained  water,  partially  sealing  the  body  from  the  bowl.  The  flush 
was  by  the  swirling  of  a  stream  which  entered  tangentially  under  the 
rim.  The  bowls  were  round,  as  is  necessary  in  all  hopper  closets 
thus  washed,  for  water  will  not  swirl  in  an  oval  bowl. 

The  objection  to  the  pan  water-closet  is  principally  due  to  the 
fact  that  the  outer  bowl  or  container  is  a  receptacle  of  filth  which  can 
never  be  properly  cleansed.  When  the  pan  deposits  its  contents  in 
the  lower  portion  of  the  fixture,  a  considerable  amount  of  the  filth 
is  spattered  upon  the  walls  and  is  not  subject  to  the  cleansing  effect 
of  the  stream  of  water  which  scours  only  the  upper  bowl.  When  the 
closet  is  operated,  the  odors  from  this  concealed  surface  permeate  the 
room  in  an  objectionable  manner. 

Tall  round  hoppers  with  swirling  supply  are  yet  frequently  used 
in  outhouses  and  other  exposed  places.  No  other  form  of  closet  will 
stand  such  locations  under  like  conditions.  The  waste-trap  is  not 
placed  immediately  under  the  hopper,  as  in  other  forms,  but  down 
below  the  freezing  depth — five  feet  as  a  nde.  The  supply  valve  is 
also  placed  below  freezing,  and  is  operated  by  a  pull  or  by  seat-action. 
These  closets  are  continuous  or  aftcr-tvash,  according  to  the  style  of 
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valve  used.  Such  an  outfit  is  the  simple  frost-proof  closet  of  the 
market.  Tall  oval  hoppers  with  valve  and  slotted  spud  attached, 
swirl  or  rather  direct  the  water  sideways  in  both  directions,  but  not 
effectively.  The  tank  supply  is  also  inefficient  when  delivered  through 
a  slotted  spud  under  the  common  flanged  rim.  Short  oval  and  round 
hoppers,  with  valve  or  tank  supply  operated  by  a  pull  or  by  seat-action, 
fitted  to  "S,"  "f  S,"  and  "^  S"  or  'T"  traps,  for  lead  or  iron  pipe 
floor  connection,  make  up  several  hundred  closet  combinations,  each 
differing  in  some  respect  from  the  others.  These  are  the  poorest 
types  of  water-closet. 

A  sectional  view  of  the  Cmnhined  Hopper  and  Trap  pedestal  of 
to-day  is  shown  in  Fig.  36.  It  is  made  in  one  piece,  in  both  porcelain 
and  enameled  iron.  This  form  resulted  from  the  separate  hopper 
and  trap  fixtures  before  mentioned.  The  combined  form  has  oval 
bowl  and  flushing  rim  for  tank  supply. 

The  Wash-out  closet  is  a  modification  of  the  combined  hopper 
and  trap,  being  formed  with  a  dipping  bed  under  the  mouth  of  the  bowl, 
which  retains  enough  water  to  keep  soil  from  sticking  to  the  surface. 
The  water-bed  makes  it  necessary  to  discharge  the  contents  at  either 
front  or  rear  of  bowl.  The  back-outlet  wash-out  is  most  repulsive 
to  view;  in  them  the  drop-leg,  which  the  flush  never  washes  thoroughly, 
is  always  in  view,  so  that  its  filthy  condition  suggests  cleansing  by 
hand.  The  front-outlet  wash-out,  shown  in  section  in  Fig.  37,  is  of 
more  inviting  appearance;  but  the  drop-leg,  although  hidden,  is 
there  fust  the  same. 

Both  the  Wash-out  and  the  Combined  Hopper  and  Trap  types 
have  one  fault  in  common.  The  trap  almost  always  contains  the  soil 
from  one  usage.  When  the  contents  of  the  trap  are  flushed  out  after 
using,  sometimes  a  similar  mass  refills  it.  Of  course,  two  or  three 
consecutive  flushes  would  leave  comparatively  clean  water  in  the  trap, 
but  this  is  not  to  be  expected  in  regular  usage. 

On  certain  occasions  the  wash-out  may  serve  a  useful  purpose 
on  account  of  the  water-bed.  The  stools  of  children  or  the  sick  may 
thus  be  easily  observed  at  the  will  of  the  physician  or  at  the  discretion 
of  those  in  charge,  while  such  is  impossible  where  the  soil  is  submerged 
at  once. 

Pneumatic  Siphon  closets  of  various  types  have  been  put  on  the 
market.     A  good  example  of  the  type  requiring  two  traps  with  an 
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air-space  between,  is  shown  in  Fig.  38.  A  specially  constructed 
flushing  tank  is  connected  with  the  air-space  between  the  trapsc  The 
falling  of  the  flush  water  creates  a  partial  vacuum  in  the  bottom  com- 
partment of  the  tank,  w'hich  induces  siphonage  of  the  bowl  contents. 
To  maintain  a  plenum  in  the  flushing  compartment  of  the  tank 
while  the  flush  water  is  flowing  down  and  into  the  closet,  the  air 
between  the  traps  is  extracted,  being  drawn  up  through  the  air-pipe 
into  the  tank.  Atmospheric  pressure  in  the  room  simply  presses  the 
water  out  of  the  bowl  and  upper  trap  when  the  pressure  below  it  is 
sufficiently  reduced.  This  water,  in  motion,  added  to  that  of  the 
lower  trap  which  has  been  drawn  above  its  normal  level  in  response 
to  the  vacuum,  is  sufficient  to  form  the  long  leg  of  an  ordinary  siphon; 
and  thus  both  traps  would  be  entirely  emptied  were  it  not  for  the  vent 


Fi^.  30.     Section  of  Coiiibiucd  Hop- 
per aucl  Trap  Closet. 


Fig.  ;!7.     Section  of  Front  Outlet 
Wash-Out  Closet. 


in  the  crown  of  the  lower  trap  breaking  the  siphonage  in  time  to  save 
.1  water  seal  for  the  lower  traj). 

The  upper  trap  with  water  visible  in  the  closet  bowl  in  repose,  is 
supplied  by  the  aJtcr-fU,  thus  establishing  conditions  for  the  next 
action.  The  lower  trap  of  such  closets  must  be  back-vented,  and  it 
is  essential  that  the  upper  trap  have  no  back  vent. 

The  proper  action  t)f  the  tank  is  necessary  to  operate  a  pneumatic 
closet.  A  clcset  constructed  on  any  other  principle  can  be  flushed 
with  a  bucket,  by  hand,  if  its  tank  is  out  of  order.  ^Vhen  a  pneumatic 
closet,  however,  gets  contrary,  pouring  water  into  the  bowl,  simply 
fills  or  overflows  it.  The  outlet  is  air-bound,  and  no  passage  of  water 
to  the  soil  pipe  can  take  place  until  the  barrier  of  air  between  the  traps 
is  removed. 
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Fig.    38.      Section   of  Pneu- 
matic Siphon  Closet,  with 
Two  Ti-aps  and  Inter- 
vening Air-Space. 


The  closets  now  accorded  first  place  and  generally  used  in  the 
best  work,  are  of  the  Jet-Siphon  type,  illustrated  by  the  sectional 
view.  Fig.  39.  These  use  more  water  than  is  necessary  to  flush 
other  kinds  of  closets,  because  a  portion  of  the  water  is  employed  to 
produce  the  siphonage.  A  channel  leading 
from  the  flush-water  inlet  to  the  bottom  of 
the  trap,  conveys  a  stream  of  Avater  to  the 
trap  leg,  and  injects  it  upward  therein.  The 
water  in  the  channel  has  Considerable  ve- 
locity, and,  being  discharged  into  the  water 
in  the  trap,  imparts  its  energy  to  the  whole 
mass,  which,  aided  by  the  rise  due  to  the  in- 
coming water  from  the  flushing  rim,  moves 
upward  at  an  increased  speed  depending  on 
the  ratio  of  mass  and  jet.  When  the  water 
in  the  trap  has  been  lifted  in  this  way  to  an 
extent  where  sufficient  of  it  can  fall  over  the  weir  into  the  out-leg  of 
the  trap,  a  siphonic  movement  begins,  and  true  siphonage  finally  takes 
place,  the  cessation  of  which  depends  upon  the  lack  of  sufficient  water 
to  continue  it.  Before  the  closet  tank  is  emptied,  siphonage  often 
sweeps  out  the  trap  thoroughly;  and  what  water  falls  back  into  the 
bowl  when  the  siphon  breaks,  together  with  the  incoming  jet  and  flush, 
causes  a  second  siphonage. 

Accuracy  in  pointing  the  jet  and  in  shaping  the  surfaces  of  its 

environment,  are  essential.     If  the 
surface   above   the    jet-hole    favors 
interference   by  the   water  flowing 
from  the   bowl,  siphonage   will  be 
delayed  and  abortive,  and  may  not 
take  place  at  all.     So,  also,  if  the 
jet  is  not  directed  so  as  to  main- 
tain approximate  concentricity  in  its 
travel  through  the  mass  of  water. 
Fig.  39.   Section  of  Jet-Siphon  Closet,    its  energy  is  uot  expended  to  advan- 
tage, and  failure  is  likely. 
There  is  no  excuse  for  iron  closets  not  siphoning  perfectly.     The 
iron  pattern  can  be  altered  until  it  gives  the  best  effect  in  practice, 
after  which  all  closets  cast  from  it  should  do  the  same.     With  porce- 
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lain  ware,  however,  every  closet  made  requires  the  same  skill  in 
design;  and  notwithstanding  howperfectly  the  closet  may  be  formed 
and  the  jet-hole  cut,  shrinkage  in  the  kiln  during  the  drying  and 
burning  process  is  apt  to  warp  the  wall  and  change  the  product  so 
that  it  will  not  act  properly.  Closets  of  both  materials,  apparently 
perfect,  often  fail  when  first  tried  after  installation,  owing  to  foreign 
matter  or  fragments  of  enamel,  clay,  or  iron  lodging  in  the  jet  and 
changing  its  action.  Usually  these  obstructions  are  easily  removed 
by  the  plumber. 

The  jet  principle  has  been  added  to  the  Combined  Hopper  and 
Trap  closet  before  mentioned,  producing  in  it  a  siphonic  action  result- 
ing in  very  much  improved  service  over  that  of  the  simple  form.  With 
the  jet-action,  the  Combined  Hopper  and  Trap  is  generally  termed 
a  Wash-Down  Siphon.  The  so-called  "jet"  is  applied  in  two  ways. 
In  some  makes,  the  flush  rim  has  an  extra  large  and  specially  formed 
fan-wash  feature,  which  directs  down  the  back  wall  of  the  bowl  a 
sluice-like  stream.  This  stream,  in  addition  to  wetting  the  paper  and 
forcing  it  do'v\Ti  into  the  water,  where  it  will  be  promptly  carried  out, 
sweeps  round  the  curve  of  the  bowl  outlet  in  such  a  way  as  to  lend  its 
force  to  the  water  in  the  trap  to  produce  apparent  and  not  infre- 
quently true  siphonage. 

Another  form  of  the  wash-down  siphon  is  provided  with  a  channel 
from  the  flush  inlet,  down  outside  the  back  wall  of  the  bowl,  to  near  or 
even  below  the  water-level  in  the  bowl,  where  the  jet  enters  through  a 
slit.  The  action  is  much  the  same  as  with  the  special  fan-wash 
mentioned,  but  is  generally  superior  in  siphonic  effectiveness. 

Jet-siphon  closets  are  not  provided  with  vent  openings  in  the 
closet  proper,  except  for  the  local  bowl  ventilation.  Wash-out  traps 
are,  or  should  be,  vented.  The  simple  hopper  and  trap  should  be 
vented  in  the  trap.  Wash-down  siphons,  generally,  are  not  vented, 
but  it  is  permissible  to  vent  them  low  down  in  the  outlet  leg  of  the  trap. 

All  closets  for  indoor  use  should  have  flushing  rims.  In  all 
earthenware  closets  and  in  some  forms  of  iron  closets,  the  rims  are 
made  integral;  but  the  iron  rims  are,  as  a  rule,  separr.te  pieces,  form- 
ing a  water  channel  around  the  bowl.  The  bottom,  inner  edge  of  the 
iron  rim  hugs  the  wall  of  the  bowl  as  closely  as  practicable,  and  the 
bulk  of  the  water  falls  through  regularly  spaced  serrations.  Various 
provisions  in    the  shape    of   barriers   opposite    the   flush  inlet,  per- 
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fora ted  race-way  shelves  along  the  rim  above  the  exit  openings,  etc., 
are  made  to  insure  the  rim  filling  and  flushing  properly  all  around. 

All  kinds  of  closets  were  formerly  made  without  regard  to  the  kind 
of  seat  to  be  used.  Boxed-in  cabinet  seats,  self-supporting,  were 
universal.  These  gave  way  to  seat  and  frame,  with  wall  and  leg 
support.  To-day  closets  are  commonly  made  with  base  flanges 
designed  to  support  the  weight  of  the  person,  and  are  provided  with 
lugs  or  seat-shelf  for  attaching  the  seat  directly  to  the  bowl,  as  seen  in 
Fig.  40.  ^Nletal  post  hinges  are  best  in  every  way,  if  well  made  and 
strong.  The  competition  goods,  however — made  to  sell  rather  than 
use — are  so  Ught  as  neither  to  keep  the  seat  in  place  nor  to  aid  in  hold- 
ing it  together  under  the  severe  strain.  The  hinged  wood-cleat  seats 
bolted  to  the  closet  are  strong,  but  are  objectionable  because  they 
cannot  be  kept  drv  or  clean  under  the 

cSgat   Lugs 

cleat. 

Closets  are  operated  with  pull  or 
push-button  tanks  requiring  the  attention 
of  the  user;  and  are  also  made  of  the  seat- 
action  t\'pe.  Children  are  likely  to  be  for- 
getful, and  visitors  to  public  toilet  rooms 
indifferent,  to  such  an  extent  that  auto- 
matic closets  are  desirable  for  public 
places  and  schools. 

^  Fiu.  40.  Closet  with  Base  Flange 

Closets  are  fitted    with   two  styles    of  support,  and  with  Lugs  for 

Attaching  Seat. 

tanks — one  placed  about  7  feet  from  the 

floor  and  serving  with  a  flush  pipe  never  more  than  1^  inches  in 
diameter;  and  the  other  placed  low  down,  as  close  to  the  bowl 
as  connections  will  permit.  Examples  of  the  high-tank  and  loic- 
tank  arrangements  are  shown  in  Figs.  41  and  42,  respectively.  The 
low  tanks  are  wider  and  deeper  than  the  high  style,  but  d:  not  extend 
out  from  the  wall  so  much.  The  low  position  delivers  the  water 
at  much  less  velocity  than  the  elevated  style,  and,  to  secure  the  utmost 
speed  and  the  volume  necessary,  the  flush  connection  is  never  less  than 
2-inch  in  a  low-tank  closet.  The  rim  and  jet  channel  are  proportion- 
ately larger  in  bowls  intended  for  use  with  low  tanks.  High  tanks 
are  about  17  by  9  by  10  inches.  Sheet  lead  and  sheet  copper  are  used 
for  closet-tank  linings.  Some  kinds  of  water,  through  galvanic  action, 
attack  the  soldering  of  the  seams  in  copper-lined  tanks  with  more 
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effect  than  where  lead  alone  is  used.  Generally,  however,  copper- 
lined  tanks  give  satisfaction  if  the  copper  is  heavy  enough  (12  to  16  oz.) 
and  properly  put  in.  Some  makers  lock-seam  the  linings  water-tight, 
and  solder  on  the  outside  before  placing  the  copper  in  the  wood  case. 

On  account  of  the  greater  depth  of  low 
tanks,  swelling  of  the  wood  case  has, 
doubtless,  been  the  cause  of  most  of  the 
trouble  experienced  with  this  type.  When 
put  together  in  the  factory,  the  wood  is 
very  dry,  and  after  being  used  for  a  short 
time,  increases  in  height  as  a  result  of 
swelling  from  dampness.  If  the  lining  be 
tacked  to  the  wood  at  bottom  and  top,  in- 
jury is  sure  to  result.  If  tacked  at  the  top 
only,  the  copper  will  soon  be  support- 
ing the  water  without  help  except  where 


.^ 


Fig.  •!!.  High-Tank  Arrangement 
of  Closet  Fixtures. 


Fig.  42.    Low-Tank  Arrangement  of 
Closet  Fixtures. 


the  connections  are  attached.  It  is  now  the  practice  to  omit  fastening 
the  lining.  Very  great  care  has  been  found  necessary  with  ball  cocks 
for  low  tanks,  in  order  to  secure  proper  after-fill,  the  flush  connection 
being  too  short  to  aid  much  in  resealing  the  bowl  with  its  drainings. 
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Low  tanks  flush  with  much  less  noise  than  high  ones,  and  permit 
"placing  the  closet  under  windows  and  low  ceilings.  Low  ones  require 
more  width  on  account  of  the  tank,  and  more  depth  from  the  wall  to 
the  front,  as  the  seat  and  lid  must  be  placed  far  enough  forward  to  be 
thrown  back  and  remain  leaning  against  the  front  of  the  tank.  Low 
tanks  are  provided  with  ventilated  covers;  while  the  high  pattern, 
which  is  out  of  children's  reach, 
is  left  open  at  the  top.  The  fewer 
working  parts  in  a  tank,  the  less 
likely  it  is  to  get  out  of  order. 

A  type  of  seat-action  closet 
very  seldom  placed  in  private 
houses,  is  that  with  closed  metal 
tank,  as  represented  in  Fig.  43. 
Depressing  the  seat  opens  a  valve 
in  the  supply,  and  the  water  passes 
up  through  a  flush  pipe  into  a 
closed  tank.  The  air  in  the  tank 
is  compressed  until  the  air-pres- 
sure counterbalances  that  of  the 
water.  ^Yhen  the  seat  is  released , 
the  supply  valve  closes;  and  a 
valve  is  opened,  establishing  com- 
munication between  the  closet 
and  the  tank.  The  compressed 
air  then  expels  the  water  in  the 
tank,  flushing  the  closet  just  as  a 
large  supply  with  corresponding 
pressure  would  do  without  a  tank. 
Closed-tank  closets  depend 
pressure.  The  space  occupied  bv 
the  air  in  the  tank  is  inversely  proportional  to  the  pressure;  hence, 
even  in  heavy  pressure,  considerable  of  the  tank's  capacity  is  yet 
occupied  by  air  when  equilibrium  is  established ;  and .  the  less  the 
pressure,  the  smaller  the  amount  of  water  it  is  possible  to  get  into  the 
tank.  They  are  therefore  not  fit  for  ver}'^  light  pressures,  though  they 
sometimes  serve  well  in  the  basement  of  a  building  where  failure 
would  be  certain  on  the  upper  floor. 


on        Fig.  43. 


Seat- Action  Closet  with  Closed 
Metal  Tank. 
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Condensation  on  metal  tanks  is  annoying.  Open  tanks  of  porce- 
lain and  iron  are  used  more  or  less,  but  sweating  is  hard  to  overcome. 
Zinc  paint  and  ground  cork  finishes  have  been  employed  with  some 
satisfaction ;  and  drip-cup  collars  discharging  into  the  flush  just  under 
the  tank  have  served  in  this  capacity,  but  nothing  overcomes  the 
sweating  so  well  as  a  tight  wood  case,  insulated  metal  cases  not 
excepted.  Some  makes  of  the  pressure-tank  closet  require  too  much 
weight  on  the  seat  for  successful  operation  by  a  child,  and  children 
would  as  a  rule  leave  the  seat  too  soon  to  allow  the  tank  to  fill  reason- 
ably well.  The  flush  pipe  of  pressure  closets  is  from  a  few  inches  to 
four  feet  in  length.  The  after-fill  is  accomplished  by  projecting  the 
flush  connection  into  the  tank  an  inch  or  more,  and  drilling  a  ^-inch 
hole  or  less  through  it  near  the  bottom  of  tank.  The  rapid  flow 
ceases  when  the  water-level  falls  to  the  upper  end  of  the  inward - 
projecting  flush  connection,  and  the  after-fill  drains  into  and  down 
the  flush  slowly. 

The  flush  fittings  of  an  open  tank  consist  essentially  of  a  valve 
to  admit  water  to  the  flush  pipe ;  an  overflow  always  open  to  the  flush 
pipe;  and  a  lever  and  connection,  with  chain  and  pull  or  button,  to 
open  the  flush  valve.  A  simple  example  of  these  is  the  siphon  goose- 
neck, with  flush-valve  disc  on  one  end  and  lever  connection  at  the 
other.  Prongs  extend  below  the  disc  to  guide  and  keep  it  in  place. 
The  overflow  is  through  the  gooseneck.  Lifting  the  gooseneck  an 
instant  permits  enough  water  to  flow  down  the  flush  to  start  the 
siphon  through  it  when  the  pull  is  released.  The  tank  then  siphons 
to  the  lower  end  of  the  gooseneck  arm. 

Where  shortness  of  flush  pipe  or  form  of  closet  requires  a  decided 
after-fill,  this  is  secured  by  special  provision  in  the  flush  fittings,  or 
by  leading  some  of  the  supply  delivered  by  the  ball  cock  into  the 
overflow. 

The  supply  fittings  of  a  closet  tank  consist  merely  of  a  ball  cock 
of  suitable  form.  For  light  pressure,  simple  leverage  sufiices.  For 
heavy  pressure,  the  inlet  in  the  valve  would  have  to  be  too  small,  or 
the  ball  too  large  and  stem  too  long,  for  a  small  tank,  if  simple  lever- 
age were  employed.  Therefore  compound -leverage  cocks  are  usually 
substituted  where  the  pressure  contended  with  is  over  30  pounds. 
There  are  ball  cocks  made  in  which  the  buoyancy  of  the  ball  merely 
operates  a  smafl  secondary  valve  in  a  way  to  establish    the  initial 
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pressure  over  a  disc  of  larger  upper  surface  than  that  of  the  under  side 
which  covers  the  main  water  inlet  of  the  cock.  The  disc  is  thus  ef- 
fectually seated,  regardless  of  the  pressure;  and  a  4-inch  ball  maybe 
arranged  to  close  almost  any  size  valve  against  any  pressure. 

When  the  cock  is  attached  through  the  bottom  of  the  tank,  no 
precaution  against  sound  is  necessaiy.  ^Yhen  the  cock  is  fitted  in 
high  up,  a  pipe  from  the  deliver^'  is  extended  to  near  the  bottom  of  tank 
for  the  purpose  of  muffling  the  sound  of  the  water  as  it  fills  the  tank. 
An  unmuffled  delivery  and  a  high-tank  flush  makp  considerable  noise 
when  the  closet  is  flushed,  and  are  suggestive  and  veiy  embarrassing 
to  sensitive  people.  Silent  action  is  therefore  the  goal  for  which 
many  strive.  Silence  at  the  expense  of  thoroughly  washing  the  closet 
surfaces  and  flushing  out  the  contents,  is  not  desirable;  some  noise 
is  necessaiy  to  the  rapidity  of  action  essential  to  thorough  scouring 
and  evacuation. 

Tanks  requiring  the  flush  valve  to  be  held  off  the  seat  during 
the  entire  flush,  are  now  no  longer  installed.  Perfect  silence  in  the 
flush  pipe  of  a  high-tank  closet  has  been  obtained  by  a  tyipe  of  flush 
fittings  that  permits  the  pipe  to  hang  full  of  water.  The  flush  valve 
being  opened,  water  begins  to  flow  into  the  closet  immediately.  When 
the  valve  closes,  no  air  having  access  at  the  upper  end  of  the  flush,  the 
pipe  remains  filled.  The  flush  valve  of  such  a  closet  must  close 
absolutely  water-tight  to  prevent  continual   dribbling  into  the  bowl. 

Of  late  years,  direct-flushing  valves  of  many  forms  have  been  a 
feature  of  water-closet  design.  These  valves  make  the  individual 
closet  tank  unnecessar}'.  Direct-flushing  closets,  a  type  of  which 
is  shown  in  Fig.  44,  have  the  same  advantage  as  the  low  tank  in  the 
matter  of  being  placed  where  high  closets  cannot  conveniently  be 
arranged.  A  check  to  their  more  general  adoption  has  been  the  lack 
of  large  supplies  in  residences  and  other  buildings. 

The  possibility  that  the  house  system  of  water  supply  may  be 
contaminated  from  the  water-closet  if  the  water  supply  is  directly 
connected  to  the  water-closet  fixture,  should  not  be  overlooked.  Al- 
though this  contamination  is  more  likely  to  take  place  in  the  operation 
of  the  older  t}'pes  of  closets,  such  as  the  pan  closet  and  the  plunger 
type,  it  is  not  of  rare  occurrence  in  connection  with  later  types,  espe- 
cially the  so-called  frost-proof  fixture.  If  the  pressure  is  materially 
lowered  in  the  street  main  by  accident  or  otherwise,  it  sometimes 
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happens  that  water  may  be  drawn  back  into  the  house  system  by 
siphonage  from  a  water-closet  or  Hke  fixture,  thus  of  course  incurring 
the  possibility  that  germs  of  disease  may  be  brought  into  the  water 
supply  used  for  domestic  purposes.  The  use  of  a  tank  into  which 
the  water  is  first  drawn,  obviates  this  danger. 

The  ordinary  dwelling  or  storehouse  supply  can  be  made  to 
operate  successfully  by  placing  an  accumulating  chamber  on  the 
branch  to  the  closet,  and  having  a  check-valve  on  the  street  side  of  it, 
so  that  the  water  cannot  flow  back  when  the  pressure  falls  as  a 
result  of  drawing  at  other  points.  In  such  cases  the  pipe  between  the 
accumulator  and  the  closet  must  be  the  usual  l^-inch  size.  Closets 
thus  fitted  are  really  only  pressure-tank  closets  with  the  flush  con- 
trolled by  a  direct-flushing  valve  to  be  operated  at  will  instead  of 
automatically  by  seat-action. 

In  all  tank  installations,  the  direct  method  is  easily  employed  by 
carrying  the  proper  size  flush  main  directly  to  the  closets,  independ- 
ently of  the  supply  for  other  fixtures.  This  is  recommended  in 
buildings  having  numerous  closets.  One  tank,  with  large  flushing 
main,  will  serve  all  the  closets,  and  thus  the  individual  tanks  and 
equipment  are  not  needed.  Furthermore,  no  trouble  is  then  experi- 
enced in  providing  suitable  space  for  the  small  tanks.  The  flushing 
valves  may,  if  desired,  be  placed  out  of  sight,  and  only  the  operating 
lever  brought  to  view  in  a  convenient  position.  A  flushing  valve  has 
been  made  which,  like  the  secondary-valve  ball  cock,  works  on  the  old 
Jennings  diaphragm  principle,  using  a  "time"  filling  cup  to  establish 
the  initial  pressure  over  the  diaphragm.  Releasing  the  pressure  over 
the  diaphragm  by  means  of  the  operating  lever,  opens  the  main 
channel  and  causes  the  closet  to  flush  while  the  time  chamber  fills 
again. 

In  this  country  and  most  others,  the  height  of  closets  has  always 
been  uniformly  16  to  17  inches  to  top  of  seat.  It  is  claimed  that  this 
height  results  in  an  unnatural  position,  and  individual  opinions 
against  it  have  been  voiced  from  time  to  time  with  little  effect.  I^-ately, 
however,  more  earnest  attention  has  been  given  the  subject  of  height, 
and  there  has  been  designed  a  closet  considerably  lower  than  usual, 
with  the  top  sloping  down  toward  the  back.  This  form,  it  is 
said,  induces  the  user  to  assume  an  upright  position  of  body, 
relatively  more  closely  conforming  to  that  of  the  limbs,  and  favoring 
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unrestricted  ac- 
tion of  the  intes- 
tines.  It  re- 
mains to  be  seen 
whether  this 
form  will  result 
in  any  general 
departure  from 
the  old  lines. 

Closets  of- 
ten also  serse  as 
urinals,  espe- 
cially in  private 
houses.  For  lim- 
ited ser\-ice,  this 
is  not  to  be  con- 
sidered an  actual 
abuse  of  the  fix- 
ture, though  gen- 
eral use  of  dis- 
tinct urinal  fix- 
tures is  indispen- 
sable. 

Range  CIos= 
ets.  Batteries  of 
individual  clos- 
ets are  usual  in 
office  buildings 
and  many  other 
such  stmctures ; 
but  in  schools 
and  in  many 
public  places 
open  to  all  class- 
es, ranges  di- 
vided into  stalls 
or   compart- 


B 

Fig.  44.    Direct-Flushing  Closet  Dispensing  -n-ith  Necessity  of 

Tank.    A  Shows  Hand-Flushing  Valve :  B  Complete  Fix-" 

tu/e  with  Sectional  View  of  Siphon  Closet. 

Courtesy  of  the  .J.  L.  Mort  Iron  Works. 


ments  have  been  considered  a  satisfactory  solution  of  the  problem. 
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The  objections  to  the  range  type  of  fixture  are  inherent  in  the 
design.  The  fouHng  surface  of  a  trough  fixture  is  much  greater  than 
that  of  the  number  of  individual  closets  to  which  the  fixture  corre- 
sponds, and  certain  parts  of  this  surface  are  not  subject  to  an  adequate 
flushing  action.  A  certain  portion  of  the  surface,  much  larger  relatively 
than  that  in  individual  fixtures,  is  exposed  to  spattering  with  the 
filth,  and  is  alternately  wet  and  dry.  It  is  also  true  that  the  method 
of  applying  the  water  for  scouring  purposes  is  much  less  satisfactory 
than  with  single  closets.  A  further  objection  to  the  range  fixture  is 
that  in  general  its  material  is  less  desirable  for  the  purpose  than  the 
earthenware  or  porcelain  used  for  closets.  On  account  of  these 
deficiencies,  for  some  ten  years  past,  individual  closets  have  been 
used  in  public  schools  in  certain  cities  which  have  given  the  most 
attention  to  this  branch  of  sanitation,  and  their  use  is  being  ex- 
tended. 

Range  closets  have  automatic  flushing  tanks  acting  at  any 
required  interval  between  flushes.  The  tanks  are,  as  a  rule,  without 
moving  parts,  and  give  good  service  without  much  attention  after  the 
supply  is  once  set  to  flush  at  the'  interval  desired.  Whether  the 
users  of  a  closet  are  indifferent  or  irresponsible,  does  not  change  the 
result  of  abuse ;  and  the  range  type  of  closet  overcomes  many  annoy- 
ances attending  the  use  of  ordinary  individual  closets  in  unsuitable 
places — institutions  for  the  insane  and  feeble-minded,  for  example. 
Ranges,  like  seat-action  closets,  are  not  dependent  on  the  user,  who 
may  forget  to  pull  a  chain  or  push  a  button  and  thereby  leave  the 
closet  foul. 

Various  forms  of  ranges  are  now  operated  on  the  siphon  eduction 
principle.  Siphonic  eduction  is  accomplished  in  three  ways — first, 
by  the  double  trap  and  air-pipe  to  the  tank  indicated  by  the  sectional 
view,  Fig.  45,  and  operating  exactly  like  the  individual  pneumatic 
closet  already  described;  second,  by  a  siphon  outlet-end  in  which  the 
water  falls  over  a  central  weir  that  maintains  the  proper  depth  of 
water  until  the  flush  begins,  and  causes  siphonage  by  breaking  up 
and  filling  the  channel  as  it  passes  through  a  constricted  bend  below. 
The  latter  method  is  shown  in  section  in  Fig.  4G.  Still  another  type 
of  range  is  made  to  siphon  by- jet-action,  just  as  the  individual  jet- 
siphon  closet  does,  the  trap  providing  a  retaining  weir  which  holds 
the  water  at  the  proper  level  in  the  range  between  flushes. 
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There  are  wash-out  ranges  with  sloping  weirs  at  the  outlet  to 
retain  enough  water  to  keep  soil  from  sticking.  These  are  open 
troughs,  and  the  plumber  provides  the  trap.  Some  siphon  ranges  are 
of  the  open-trough  pattern,  but  the  trap  or  the  siphon  outlet  is  a  part 
of  the  fixture.  All  open-trough  ranges  can  be  supplied  with  a  venti- 
lating section  from  which  a  large  vent  pipe  may  be  carried  to  a  stack 
in  which  a  draft  is  insured  by  a  hot  flue  or  some  other  means.  Such 
ventilation  changes  the  air  in  the  room;  and  by  having  lids  to  all  the 
seats,  odors  from  the  entire  trough  may  be  uniformly  removed  by 


DRAIN 


Fi;^'.  45.     Section  of  Range  Closet,  with  Double  Trap  and  ^vith  Air-Pipe  to  Tank  to  Cause 

Siphonic  Eduction. 

leaving  up  one  lid  only,  at  the  end  opposite  the  vent  pipe.  Some 
forms,  having  individual  flushing-rim  bowls  cast  integral  with  the 
section,  are  supplied  by  one  general  flush  pipe,  as  indicated  by  the  plan 
and  elevation  shown  in  Fig.  47.  In  these,  each  bowl  is  separately 
water-sealed,  as  the  normal  water-level  is  above  the  general  conduit 
into  which  the  bowls  di-scharere. 

Other  forms,  which  receive  the  entire  flush  at  one  end,  are  water- 
sealed  between  the  seat  holes.  The  seat-openings,  instead  of  convero-- 
ing  like  flushing-rim  bowls,  diverge  downward,  so  that,  as  the  water- 
level  recedes  in  the  sections  during  flushing,  soil  falls  away  from  the 
surface  by  gravity  instead  of  grinding  against  it.     Therefore,  so  far 
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as  cleanliness  is  concerned,  the  type  with  diverging  surfaces  but  with- 
out the  scouring  effect  of  flowing  water  in  the  openings  is,  in  operation, 
the  practical  equivalent  of  the  flushing-rim  type  with  converging 
surfaces.  The  open-trough  ranges,  including  the  jet-siphon  type, 
have  perforated  wash-down  pipes  along  the  sides  and  ends,  which, 
however,  have  little  value.  The  open  troughs  are  made  in  cast 
sections  as  long  as  convenient,  joinetl  by  flanges  with  rubber  gaskets 

and  bolts.  S  u  i  t- 
able  feet  or  chairs 
for  supports  are 
furnished  with  these 
fixtures. 

Cast  partitions, 
partitions  and 
l>acks,  and  full 
compartment  p  a  r- 
titions,  with  slat 
doors  and  indica- 
tors, are  furnislied 
to  order  in  any 
style  or  combina- 
tion desired.  For 
example,  the  range 
for  a  schoolroom 
mav  consist  alto- 
ffether  of  24-inch 
sections  or  divi- 
sions, except  one in- 

Fig.  46.  Section  of  Range  Closet,  with  Siphon-Outlet  End.  tended  for  the  teach- 
ers' use  made  30  inches  and  fitted  with  door  and  full-length  partitions 
to  give  a  thoroughly  private  compartment.  Ranges  are  usually  made 
of  cast  iron,  and  almost  invariably  finished  wifn  enameled  interior  and 
painted  exterior.  Bowl  or  section  ventilation  is  proviiled  for  where 
possible.  Wood  seats  and  covers  are  generally  used ;  but  enameled- 
iron  top  frames  with  hinged  seats  and  covers,  and  rigid  enameled  seats, 
are  also  made. 

The  lower  trap  of  a  double-trap  range  must  be  ventilated.     All 
soil-pipe  stacks  into  which  ranges  discharge,  and  fixtures   connected 
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to  them,  must  be  well  protected  against  siphonage,  because  the  volume 
of  water  discharged  at  one  time  by  a  range  is  sufficient  to  siphon  traps 
that  would  retain  their  seals 
under  most  other  conditions. 

Urinals.  Sectional  uri- 
nals are  made  of  the  same  ma- 
terials and  finish,  and  with 
much  the  same  types  of  de- 
sign, as  range  closets.  They 
are  generally  installed  in  the 
same  classes  of  buildings  as 
range  closets ;  but  such  urinals 
will  often  be  found  in  the 
same  toilet-room  with  individ- 
ual closets.  Roll-rim  enam- 
eled troughs,  with  back  and 
•with  simple  perforated  wash- 
dowTi  flush  pipes  on  the  back, 
are  available. 

Single  urinals  are  usually 
of    porcelain,    although    some 
have  been  made  of  iron.     The  common  types  are  plain  or   lipped, 
made  in  flat-back  and  comer  designs.     Flat-back  types  of  both  de- 


FLUSHINQ 
RIM 


Fig.  47.    Sectional  Elevation  and  Plan  of  Range 
Closet  Seat  with  Flushing-Rim  Bowl  Sup- 
plied from  General  Flush-Pipe. 


Fig.  48.    Flat-Back  Types  of  Single  Urinals. 

signs  are  shown  in  Fig.  48.     All  have  flushing  rims.    Direct-flushing 
valves  of  the  same  ts^e  as   used  on  closets,  adapted  to  the  purpose, 
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and  cocks  of  various  types,  are  the  means  of  flushing  generally  pro- 
vitled  for  a  single  urinal.  When  two  or  more  are  placed  in  one  toilet- 
room,  an  automatic 
tank  with  branched 
flush  pipe  is  em- 
ployed. These  tanks 
are  of  greater  variety 
than  those  use<l  with 
range  closets,  T  h  e 
tilting  bucket,  pivoted 
within  -a  tank  case, 
which  empties  itself 
periodically  by  means 
of  the  flow  of  water 
changing    the    center 


Fig.  49.     Automatic   Urinal-Flushing   Tanks.      Tilting 
Bucket  Tj'pe  at  Left;  Self-Siphoning  at  Right. 


of  gravity  to  the  un- 
supported    side     and 

tipping  it  just  before  it  overflows,  is  a  familiar  type  of    automatic 

urinal-flushing  tank.    The  standard  tank  with  immovable  parts,  wdiich 

siphons  automaiically,  is  also  prevalent.     Examples  of  these  types  are 

illustrated  in  section  in 

Fig.  49. 

Another  design 

consists  of  a  tank  with 

common  siphon,  fitted 

with  a  ball  cock  which 

opens,  instead  of  clos- 
ing, as  the  water  in 

the  tank  lifts  the  ball. 

The  interval  between 

flushes  is  governed  by 

a   small    bibb    cock, 

which  may  be  turned 

on  more  or  less  so   as 

to  take  greater  or  less 

length  of  time  for  the 

water  in  the  tank  to  reach  the  ball.     When  water  begins  to  lift  the  ball, 

the  ball  cock  also  admits   water.     From  this   point   the  tank   fills 


Fig.  50.    Urinal  Stalls  of  Slate  or  Marble,  Flushed  by  Per- 
forated Pipe,  with  Channeled  and  Guttered  Floor. 


»78 


PLUMBING  55 


rapidly.  The  higher  the  ball  is  lifted,  the  faster  the  tank  fills,  so  that 
by  the  time  the  water-level  reaches  a  point  where  water  begins  to  flow 
over  the  neck  of  the  siphon,  it  is  coming  into  the  tank  rapidly  enough 
to  more  than  keep  pace  with  the  overflow  necessary  to  start  the  siphon. 
True  siphonage,  however,  empties  the  tank  much  faster  than  the  sup- 
ply can  fill  it;  and  the  tank  is  soon  empty,  leaving  the  small  bibb  cock 
to  admit  water  again  slowly  to  where  this  action  can  be  repeated. 

Individual  urinals  which  siphon  by  admitting  additional  water 
to  that  which  normally  stands  in  the  fixture,  and  various  other  types, 
will  be  best  understood  from  a  study  of  dealers'  catalogues.  In  good 
work,  marble  backs  and  partitions  usually  enclose  the  urinals  on 
three  sides.  ^Marble  and  slate  stalls  of  various  constmction,  with 
channeled  and  guttered  floor,  as  shown  in  Fig.  50,  all  washed  bv 
perforated  pipes  fixed  along  the  surfaces,  are  frequently  used  in  lieu 
of  specific  urinal  fixtures.  A  thick  base  of  slab  material  is  sometimes 
used,  the  gutter  and  drain-hole  being  cut  in  it.  Cast-iron  gutters, 
galvanized  or  enameled,  w^ith  an  outlet-end  adapted  to  a  soil-pipe 
connection,  are  supplied  by  the  makers. 

In  describing  the  fixtures  and  trimmings  that  have  been  noticed, 
only  salient  features  .of  form  and  principles  of  design  have  been  con- 
sidered. Sufficient  guidance  to  insure  intelligent  comparison  of 
merits  and  skilful  discrimination  in  selection,  has  been  given.  Cata- 
logue detail  and  illustration,  and  a  view  of  the  actual  goods  described 
therein,  should,  with  what  has  now  been  given,  insure  the  fullest 
understanding  of  the  fixture  branch  of  Plumbing. 

HOUSE  WATER  SUPPLY 

"While  the  plumber  is  apt  to  give  more  attention  to  supply  pipe, 
and  to  methods  of  installing  it  in  buildings  to  secure  specific  service, 
water  supply  embraces  also,  in  its  broadest  sense,  the  source  and  qual- 
ity of  water  and  the  means  of  conveying  it  to  the  building.  Plumbers 
generally  have  little  dealing  with  water  supply  outside  of  the  house 
walls.  Custom  has  fixed  certain  arbitrary  sizes  in  ordinary  work,  to 
such  a  de^x-ee  that  the  average  plumber  has  generally  ignored  informa- 
tion on  the  flow  of  water  through  pipes.  Indeed,  he  is  so  rarely  in 
actual  need  of  this  knowledge,  that  it  appears  a  burden  to  acquire  and 
to  fix  permanently  in  his  mind  the  simplest  formula  bearing  on  the 
subject.     Enough  information  to  determine  approximate  deliveries 
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and  point  the  road  to  further  research,  will  not  be  out  of  place  in 
behalf  of  those  who  may  need  simple  directions. 

The  laws  of  gravity  are  the  basis  for  the  science  of  hydraulics,  of 
which  a  prime  factor  of  every  problem  is  velocity.  There  is  no  excep- 
tion to  the  rule  that  all  bodies  falling  freely,  descend  at  the  same  rate — 
in  round  numbers,  16  feet  for  the  first  second,  at  the  end  of  which  the 
acquired  velocity  is  one  of  32  feet  a  second.  This  is  the  basis  on 
which  are  formulated  the  laws  of  falling  bodies,  which,  exhibiting 
what  is  known  as  velocity  of  efflux,  together  with  loss  by  friction,  must 
be  considered  when  calculating  the  flow  of  water. 

There  are  three  kinds  of  velocity — uniform,  accelerated,  and 
retarded.  It  is  the  last,  and  its  cause,  friction,  that  plumbers  should 
be  most  interested  in,  as  velocities  calculated  merely  from  the  laws  of 
falling  bodies  do  not  take  account  of  friction,  change  of  course,  etc., 
which  must  be  allowed  for  as  causes  diminishing  the  delivery  of  water 
through  pipes.  Briefly  stated,  the  mysterious-looking  Torricellian 
formula  I  2gh  =  V,  means  only  that  velocity  is  found  by  extracting 
the  square  root  of  the  product  of  the  head  multiplied  by  2  X  32,  g 
standing  for  the  force  of  gravity,  and  h  for  the  height.  For  example, 
a  stream  filling  a  1-inch  pipe,  with  25  feet  head  of  water,  would  have 
a  velocity  calculated  thus:  2  X  32  X  25  =  1,600;  and  the  square 
root  of  1,600  =  40  =  Velocity,  friction  not  considered. 

The  shape  of  the  orifice  through  which  water  enters  a  pipe,  has 
much  to  do  with  the  amount  of  water  that  will  enter  it.  Friction 
against  the  sides  of  the  pipe,  and  change  of  direction  due  to  bends  and 
connections,  occasion  great  variation  from  the  theoretical  flow.  Not 
only  is  the  character  of  the  pipe  surface  and  fittings  to  be  considered  as 
initial  causes  varying  the  delivery,  but  velocity,  the  all-important 
factor,  must  be  reckoned  with  in  every  instance.  With  a  velocity  of 
10  feet  per  second  in  a  pipe  of  comparatively  smooth  interior  surface, 
the  friction  loss  in  pounds  on  one  square  foot  of  surface  W'ill  be  about 
^  pound.  If  this  velocity  is  increased  or  diminished,  the  factor  of 
friction  will  vary  accordingly,  always  in  proportion  to  the  square  of 
the  velocity.  Suppose  the  velocity  to  be  20  feet  instead  of  10  feet  per 
second;  we  then  have,  10  squared  equals  100,  and  20  squared  equals 
400.  The  square  of  these  velocities  is  as  1  to  4,  and  as  we  assign  a 
2-pound  loss  to  ten  feet  velocity  per  second,  on  a  stated  amount  of 
surface,  the  friction  due  to  doubling  the  velocity  should  be  four  times 


280 


PLUMBING  57 


a  ^  pound  =  2  pounds,  showing  that  doubling  the  velocity  increases 
the  friction  four-fold ;  trebling  it  increases  friction  nine-fold,  etc. 

A  column  of  water  weighs  .43  pound  per  square  inch  of  base,  per 
vertical  foot.     Therefore  a  vertical  pipe  100  feet  high,  with  1-inch 
sectional  area,  filled  with  water,  would  contain  43  pounds,  and  a 
gauge  at  the  bottom  would  show  43  pounds   pressure.     If  the  pipe 
were  only  i  inch,  or  were  40  inches  in  diameter,  the  gauge  would  show 
the  same  pressure  for  the  same  vertical  height— namely,  .43  pound 
per  square  inch  per  vertical  foot.     A  head  of  water  expressed  in  feet, 
may  be  changed  to  pounds  by  multiplying  the  feet  of  head  by  .43. 
Pressure  is  made  to  read  in  feet  of  head  by  multiplying  pressure  per 
square  inch  by  2.3.     A  head  of  icatcr  is  the  number  of  vertical  feet 
from  level  of  source  of  supply  to  center  of  outlet  or  point  of  delivery. 
Diameter  of  the  pipe  has  nothing  to  do  with  static  head  or  pres- 
sure; but  its  relation  to  the  size  of  the  orifice  from  which  the  water 
is  to  be  drawn  has  much  to  do  with  the  amount  of  pressure  lost  bv 
friction.     If  a  faucet  and  supply  pipe  are  of  the  same  size,  and  we 
double  the  size  of  the  pipe,  the  velocity  of  the  water  flowing  through 
it  is  reduced  three-fourths;  and  the  friction  is,  under  these  conditions, 
but  one-sixteenth  what  it  was  in  the  original  size.     INIoreover,  as  in 
drawing  similar  amounts  of  water  under  the  same  head  through  a 
one-inch  and  a  two-inch  pipe,  the  amount  of  friction  surface  presented 
is  twice  as  great  in  the  one-inch  as  in  the  two-inch  pipe,  the  friction  in 
the  one-inch  can  be  shown  to  be  32  times  as  much  as  in  the  two-inch 
pipe. 

^^  ith  the  formula  given,  one  can  roughly  approximate  by  finding 
the  theoretical  deliver}^  and  deducting  a  liberal  percentage  for  friction, 
according  to  size,  length  of  pipe,  and  head  or  pressure.  The  subject, 
however,  is  vast  and  tedious,  introducing  intricate  calculations  in 
higher  mathematics  when  considered  in  detail  with  a  view  to  extreme 
accuracy  of  results,  and  is  a  bi'anch  properly  belonging  to  hydrodynam- 
ics, rather  than  suited  to  presentation  at  length  here.  Two  tables 
are  given,  however,  which  with  the  rules  for  use,  will  be  of  value  to 
those  who  fail  to  make  further  research. 

Table  I  shows  the  pressure  of  water  in  pounds  per  square  inch 
for  elevations  varying  in  height  from  1  to  135  feet. 

Table  II  gives  the  drop  in  pressure  due  to  friction  in  pipes  of 
different  diameters  for  varying  rates  of  flow.     The  figures  given 
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Head 

Pressure 

Head 

Pressure 

Head 

Pressure 

in 

pounds  per 

in 

pounds  per 

in 

pounds  per 

feet 

square   inch 

feet 

square  inch 

feet 

square  inch 

1 

.43 

46 

19.92 

91 

39.42 

2 

.86 

47 

20.35 

92 

39.85 

3 

1.30 

48 

20.79 

93 

40.28 

4 

1.73 

49 

21.22 

94 

40.72 

5 

2.16 

50 

21.65 

95 

41.15 

C 

2.59 

51 

22.09 

96 

41.58 

7 

3.03 

52 

22.52 

97 

42.01 

8 

3.46 

53 

22.95 

98 

42.45 

9 

8.89 

54 

23.39 

99 

42.88 

10 

4  33 

55 

23.82 

100 

43.31 

11 

4.76 

56 

24.26 

101 

43.75 

12 

5.20 

57 

24.69 

102 

44.18 

13 

5.G3 

58 

25.12 

103 

44.61 

14 

6.06 

:.9 

25.55 

104 

45.05 

15 

6.49 

GO 

25.99 

105 

45.48 

16 

6.92 

61 

26.42 

106 

45.91 

17 

7.36 

02 

26.85 

107 

46.34 

18 

7.79 

63 

27.29 

108 

46.78 

19 

8.22 

64 

27.72 

.109 

47.21 

20 

8.66 

65 

28.15 

110 

47.64 

21 

9.09 

C6 

28.58 

111 

48.08 

22 

9.53 

67 

29.02 

112 

48.51 

23 

9.96 

08 

29.45 

113 

48.94 

24 

10.39 

69     . 

29.88 

114 

49.38 

25 

10.82 

70 

30.32 

115 

49.81 

26 

11.26 

71 

30.75 

116 

50.24 

27 

11.69 

72 

31.18 

117 

50.68 

28 

12.12 

73 

31.62 

118 

51.11 

29 
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are  for  pipes  100  feet  in  height.  The  frictional  resistance  in  smooth 
pipes  having  a  constant  flow  of  -water  through  them  is  proportional 
to  the  length  of  pipe.  That  is,  if  the  friction  causes  a  drop  in  pressure 
o£4.07  pounds  per  square  inch  in  a  1^-inch  pipe  100  feet  long,  which 
is  discharging  20  gallons  per  minute,  it  will  cause  a  drop  of  4 .  07  X  2  = 
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8.14  pounds  in  a  pipe  200  feet  long;  or  4.07  -^  2  =  2.03  pounds  in  a 
pipe  50  feet  long,  acting  under  the  same  conditions.  The  factors 
given  in  the  table  are  for  pipes  of  smooth  interior,  like  lead,  brass,  or 
wrought  iron. 

Examples. — A  U-inch  pipe  100  feet  long  connected  with  a  cis- 
tern is  to  discharge  35  gallons  per  minute.     At  what  elevation  above 
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the  end  of  the  pipe  must  the  surface  of  the  water  in  the  cistern  be  to 
produce  this  flow? 

In  Table  II  we  find  the  friction  loss  for  a  1  Uinch  pipe  discharging 
35  gallons  per  minute  to  be  5.05  pounds.  In  Table  I  we  find  a  pres- 
sure of  5.2  pounds  corresponds  to  a  head  of  12  feet,Avhich  is  approxi- 
mately the  elevation  required. 

How  many  gallons  will  be  discharged  through  a  2-incii  pipe 
100  feet  long  where  the  inlet  is  22  feet  above  the  outlet?  In  Table  I 
we  find  a  head  of  22  feet  corresponds  to  a  pressure  of  9.53  pounds. 
Then,  looking  in  Table  II,  we  find  in  the  column  of  Friction  Loss  for 
a  2-inch  pipe  that  a  pressure  of  9.46  corresponds  to  a  discharge  of 
100  gallons  per  minute. 

Tables  I  and  II  are  commonly  used  together  in  examples. 

A  house  requiring  a  maximum  of  10  gallons  of  water  per  minute 
is  to  be  supplied  from  a  spring  which  is  located  600  feet  distant,  and 
at  an  elevation  of  50  feet  above  the  point  of  discharge.  What  size 
of  pipe  will  be  required  ?  From  Table  I  we  find  an  elevation  or  head 
of  50  feet  will  produce  a  pressure  of  21.65  pounds  per  square  inch. 
Then  if  the  length  of  the  pipe  were  only  100  feet,  we  should  have  a 
pressure  of  21.65  pounds  available  to  overcome  the  friction  in  the 
pipe,  and  could  follow  along  the  line  corresponding  to  10  gallons  in 
Table  II  until  we  came  to  the  friction  loss  corresponding  most  nearly 
to  21 .65,  and  take  the  size  of  pipe  corresponding.  But  as  the  length 
of  the  pipe  is  600  feet,  the  friction  loss  will  be  six  times  that  given  in 
Table  II  for  given  sizes  of  pipe  and  rates  of  flow;  hence  we  must 
divide  21.65  by  6  to  obtain  the  available  head  to  overcome  friction, 
and  look  for  this  quantity  in  the  table,  21 .  65  -^  6  ==  3 .  61 ,  and  Table  II 
shows  us  that  a  1-inch  pipe  will  discharge  10  gallons  per  minute  with 
a  friction  loss  of  3.16  pounds,  and  this  is  the  size  we  should  use. . 

In  calculating  the  contents  of  pipes,  cylinders,  and  cisterns, 
where  it  is  usual  to  correct  the  area  found  as  a  result  of  squaring  the 
diameter  by  multiplying  by  .7854,  before  dividing  by  231  for  U.  S. 
gallons,  multiplication  by  the  decimal  may  be  omitted,  and  dividing 
by  294  instead  of  231  will  then  give  the  .same  result. 

EXAMPLES  FOR   PRACTICE 

1.  What  size  pipe  will  be  required  to  discharge  40  gallons  per 
minute,  a  distance  of  50  feet,  with  a  pressure  head  of  19  feet? 

Ans.   1^-inch. 
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2.     What  head  will  be  required  to  discharge  100  gallons  per 
minute  through  a  2^-inch  pipe  700  feet  long? 

Ans.  52  feet. 
TYPES  OF  WATER  SUPPLY 

There  are  various  ways  in  which  it  may  be  necessary  to  obtain  the 
water  supply  for  a  building.  The  usual  course  in  cities  and  towns  is 
to  employ  the  ^Municipal  Water  Works  service.  This,  of  course,  settles 
the  supply  feature,  and  the  plumber  simply  provides  the  house  and  yard 
pipe,  |-inch  or  larger  main,  according  to  the  character  of  the  work.  If  of 
lead,  the  pipe  must  be  of  strength  according  with  the  pressure.  Any  of 
the  light-weight  grades  of  lead  supply  will  stand  1,000  pounds  per  square 
inch  for  a  short  time;  and  the  usual  strength  used  on  50  to  80-pound 
pipe  will  not  burst  under  1,400  to  1,G00  pounds  w^hen  new  and  un- 
strained. Under  constant  pressure,  the  enormous  strain  possible 
from  water-hammer,  and  general  deterioration  from  use,  make  it 
advisable  to  employ  pipe  which,  when  new,  is  20  times  as  strong  as 
that  necessary  to  contain  the  pressure.  No  attention  is  necessary  as 
to  the  strength  of  zinc-coated  or  tin-coated  iron  pipe;  it  will  stand 
any  pressure  ordinarily  encountered. 

The  two  general  methods  of  supplying  buildings  with  water  are: 
(1)  the  direct  system;  and  (2)  the  indirect  or  tank  system.  The  direct 
method,  generally  employed  in  cities,  places  each  fixture  connected 
with  the  supply  under  the  same  pressure  as  the  street  main,  unless  a 
reducing  valve  is  introduced,  .thus  often  subjecting  the  work  to  need- 
less high  pressure  and  always  to  the  widely  varying  conditions  and 
quality  of  service  incidental  to  such  use.  In  .the  direct  system  it  is 
good  practice,  w^here  at  all  practicable,  to  pipe  and  fit  the  work  gener- 
ally for  pressure  not  exceeding  50  pounds  per  square  inch,  and  then 
use  a  reducing  valve  to  maintain  such"  pressure  as  is  required. 
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PART  II 


PUMPS 

A  common  suction  'pumf,  shown  in  Fig.  65,  is  the  type  generahy 
used  in  cisterns  or  other  very  short  Ufts.  B  is  the  plunger;  C,  the 
bottom  valve;  and  D,  the  plunger  valve.  When  the  plunger  is  drawn 
up,  a  vacuum  is  formed  in  the  cylinder,  and  water  flows  in  through  C 
to  fill  it.  When  the  plunger  is  forced  doT\Ti,  valve  D  opens  and  allows 
the  water  to  flow  through  the  plunger  while 
C  remains  closed.  Water  is  thus  raised  by 
the  plunger  at  each  stroke  and  flows  from  the 
spout  in  an  intermittent  stream.  The  atmos- 
pheric limit  is  indicated  in  the  engraving; 
but,  as  before  stated,  the  practical  Hft  is 
taken  at  20  feet  or  less  in  pumps  having  the 
plunger  valve  at  the  ground  level.  The 
plunger  in  this  kind  of  pump  is  made  to 
trip  the  bottom  valve  and  drain  the  pump 
at  will,  without  a  waste-hole  or  special  cock, 
by  merely  lifting  the  handle  as  high  as  pos- 
sible. 

When  the  surface  of  the  water  is  a 
oreater  distance  below  the  pump  stock  than 
ordinary  suction  can  reach  effectively,  the 
cvlinder  and  its  working  parts  must  be  placed  Fig.  65.   common  Type  of  suc 

••  e  vu   \  +•  T^l  •         tiou  Pump  for  Short  Lifts. 

withm  the  hmits  ot  htt  by  suction,     ihis 

form  is  termed  a  li]t  pump,  one  type  of  which  is  shown  in  Fig.  66. 
This  particular  form  is  confined  to  ordinar}^  open  shallow  wells  or 
deep  cisterns.  It  drains  automatically  through  a  waste-hole  always 
open  below  frost  line,  located  in  the  stock  above  the  working  barrel. 
There  is  no  limit  except  the  strength  of  the  parts,  to  which  a  good 
lift  pump  will  not  bring  water  if  the  cylinder  is  near  enough  to  the 
water  and  the  pump  in  good  order. 


WAT£R    LEV£i, 
/N    WELL 
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The  forcing  feature  of  a  pump,  making  it  a  lift  and  force  pump,  is 
secured  by  working  the  rod  of  an  ordinary  lift  pump  through  a  stuffing 
box,  and  adding  an  air-chamber  to  take  care  of  the  surplus  water 
pumped  on  the  up-stroke  and  to  expel  it  while  the  plunger  is  being 
lowered.  All  the  water  is  pumped  on  the  up-stroke  of  the  plunger, 
in  these  pumps;  and  the  expulsion  of  the  surplus  through  the  con- 
stricted spout,  giving  the  familiar  steady  stream,  is  due  to  the  action 
of  the  air  compressed  in  the  chamber. 

Double-acting  lift  and  force  pumps  draw 
water  by  suction  on  both  strokes,  and  act- 
ually expel  it  by  force  into  the  discharge, 
the  suction  and  force  being  alternate  in  the 
same  cylinder  on  both  sides  of  a  solid 
plunger.  The  air-chamber  in  these  cush- 
ions the  delivery. 

It  may  be  stated  here  that  hot  water  can- 
not be  lifted  by'suction,  because  the  boiling 
point  of  water  depends  upon  the  pressure 
on  it.  Therefore,  any  endeavor  to  create 
a  vacuum  with  a  pump  results  in  vapor 
rising  so  freely  as  to  prevent  accomplishing 
appreciable  results.  Warm  water  can  be 
forced  by  having  the  pump  below  the 
source,  and  practically  allowing  the  water 
to  flow  into  the  pump  by  gravity. 

In  wells,  whether  driven,  tubular,  or  open, 
it  is  advisable  to  have  the  cylinder  very  near 
the  bottom.  The  pump  standard,  for  hand 
use,  should  be  strong,  well-made,  of  10-inch  stroke,  with  rocking 
fulcrum,  and  with  rod  guided  in  perfect  alignment;  the  handle  lever- 
age at  least  6  to  1 ;  lift  pipe  not  less  than  2  inches;  rod,  hollow,  gal- 
vanized or  wood;  cylinder,  at  least  twice  the  length  of  stroke,  brass- 
lined,  and  not  larger  in  diameter  than  the  lift  pipe — the  whole  being 
such  that  all  valves  can  be  withdrawn  through  the  pipe  and  standard 
for  repair  or  renewal  without  disturbing  either  standard  body  or  pipe. 
A  drain  valve  to  empty  standard  and  pipe  below  freezing  point,  is 
essential.  A  pump  outfit  of  this  character,  to  deliver  water  at  the 
ground  level,  will  require  at  the  handle  grip,  6  to  8  pounds  force  on 


Fig.  66.    Type  of  Lift  Pump 
Adapted  to  Long  Lifts. 
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40-foot,  10  to  12  pounds  on  50-foot,  and  14  to  IG  pounds  on  GO-foot 
wells.  The  lift  pipe  (above  cylinder)  should  not  be  plain  iron  pipe. 
Polished  iron  cylinders  ought  not  to  be  used,  even  though  they  arc  to 
be  always  submerged;  incrustation  will  make  it  difficult  to  withdraw 
the  cup-leathers — to  say  nothing  of  other  objections. 

The  trouble  with  cylinders  of  larger  diameter  than  the  lift  pipe, 
is  the  time  and  expense  of  withdrawing  pipe  and  standard  for  repairs; 
and,  of  course,  the  power  to  pump  with  them  equals  the  total  lift  multi- 
plied by  the  sectional  area  of  the  cylinder  in  inches. 

The  importance  of  cylinder  diameter  will  be  better  understood 
by  comparison.  A  total  lift  of  100  feet,  with  cylinder  2  inches  in 
diameter,  gives  135  pounds,  which,  with  the  handle  leverage  at  6  to  1, 
will  be  lifted  with  from  22  to  25  pounds'  force  according  to  kind  of 
rod,  tightness  of  stuffing  box,  size  of  lift  pipe,  etc.  With  the  same 
outfit  and  conditions,  merelv  substitute  a  cvlinder  of  4  inches'  diameter, 
and  540  pounds  will  then  require  to  be  lifted,  which,  with  the  same 
ratio  of  leverage,  calls  for  over  90  pounds'  force  on  the  handle  to  lift  the 
water.  Then,  if  the  lift  pipe  is  materially  smaller  than  the  cylinder, 
the  increase  in  velocity,  when  the  cylinder  water  enters  the  lift  pipe 
calls  for  an  additional  force  that  would  astonish  one.  This  should 
make  it  plain  why  so  many  pump  standards  are  wrecked,  bolts  worn 
off,  holes  worn  oblong,  handles  broken,  cylinders  continually  needing 
new  valves,  and  owners  disgusted ;  it  is  all  due  to  the  lack  of  proper 
proportion  of  parts,  and  the  enormous  amount  of  needless  work  thus 
occasioned. 

Total  lift  is  the  distance  from  the  level  of  the  source  pumped 
from,  to  the  point  of  discharge.  This  includes  height  to  elevated  tank, 
if  there  be  one,  and  the  distance  from  cylinder  to  water,  if  the  cylinder 
is  above  the  water;  vet  manv  mechanics  are  inclined  to  imore  the 
latter  on  the  ground  that  the  atmosphere  lifts  the  water  to  the  cyUnder. 
It  does,  in  fact;  but  the  power  of  the  vacuum  which  permits  the  atmos- 
phere to  lift  the  water,  is  as  great  as  the  weight  of  water  so  lifted,  and 
the  vacuum  itself  is  produced  and  maintained  by  the  energy  of  the 
person  pumping. 

The  pump  being  outside  for  the  purpose  of  sprinkling,  filling  ves- 
sels, etc.,  need  not  interfere  with  employing  it  to  deUver  water  under- 
ground to  the  house  and  up  to  elevated  tank.  A  cock-spout,  a  packed 
stuffing  box,  and  a  line  of  pipe  below  freezing  from  lift  pipe  to  tank, 
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arc  the  essentials.  Delivery  to  tank  should  be  made  over  top  of  tank; 
and  the  line  should  have  a  cock  and  drain  so  that  the  tank  pipe  can  be 
emptied  when  desired,  and  so  that  full  force  for  sprinkling  can  be 
had  by  cutting  off  the  tank  line.  When  pumping  to  the  tank,  it  is 
merely  necessary. to  have  the  cock-spout  closed  and  the  shut-off  of  the 
tank  line  turned  on. 

The  advantages  of  having  the  pump  indoors,  at  the  sink,  are, 
(1)  that  water  may  be  pumped  for  use  directly;  and  (2)  that  it  is  not 
necessary  to  go  outside  in  bad  w'eather  in  order  to  fill  the  tank.  The 
indoor  pump  will  also -conveniently  ser\'e  ordinary  purposes  when 
other  water  fixtures  of  the  house  are  out  of  repair. 

Small  gasoline  engines,  by  means  of  pumping  jacks  or  other 
methods  of  actuating,  are  often  used  to  operate  pumps.  Hot-air 
engines  are  also  frequently  used  for  pumping  purposes,  such  as  lift- 
ing water  to  upper  floors  of  buildings  whenever  the  city  pressure 
may  be  inadequate. 

Windmills  are  a  favorite  means  of  operating  outside  pumps  in 
localities  where  the  mean  wind  velocity  is  high  enough  to  run  them 
economically.  Light  winds,  and  water  at  great  depths,  both  con- 
tribute to  increasing  the  size  and  cost  of  mills;  while  spasmodic 
winds  require  great  storage  capacity.  If  the  mean  wind  velocity  is 
under  7  miles  per  hour,  mills  are  suited  to  very  light  pumping  only. 
Windmills  require  self-priming  pumps — that  is,  pumps  that  are 
always  ready  to  pump  water  without  adding  priming  or  working 
rapidly  to  get  water  to  the  cylinder.  They  are  also  provided  with 
governors  to  avoid  pumping  after  the  tank  is  full,  and  with  means 
which  high  winds  will  automatically  operate,  for  folding  the  mill  out 
of  the  w^ind.  Light  wdnds  and  severe  duty  are  counterbalanced  to 
some  extent  by  gearing  the  wheel  for  higher  speed  than  is  communi- 
cated to  the  actuating  rod. 

Hot-air  engines  can  be  used  inaoors  if  the  supply  is  within  the 
vertical  distance  limit  and  not  too  far  from  the  house.  If  the  well  or 
source  is  far  away,  it  is  best  to  build  a  frost-proof  house  for  the  engine, 
close  to  the  source  or  over  the  well,  so  that  direct  connection  to  pump- 
rod  can  be  made.  Hot-air  engines,  like  gasoline  engines,  depend  on 
the  momentum  of  the  speed  wheel  doing  part  of  the  work.  In  the 
double-cylinder  type,  illustrated  in  Fig.  67,  heat  from  wood,  coal,  gas, 
or  oil  expands  the  air  under  the  piston  of  the  power  side,  and  drives 
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It  up.  At  the  same  time,  the  other  piston  draws  the  air  over  through 
a  heat  accumulator  of  iron  plates,  where  it  comes  in  contact  with  a 
water-jacket  that  is  filled  by  passing  the  pump  discharge  through  it, 
the  air  thus  losing  some  of  its  heat  by  imparting  it  to  the  water  in  the 
jacket.  The  same  air  is  then  forced  back  through  the  accumulator, 
where  it  reabsorbs  some  of  the  heat  previously  parted  with,  and  is 
compressed  in  its  par- 
tially cooled  state  in 
the  bottom  of  the  cyl- 
inder on  the  combus- 
tion side,  where,  by 
again  absorbing  heat 
from  the  fuel,  the  proc- 
ess is  caused  to  be  re- 
peated. Thus,  by  al- 
ternate expansion  and 
contraction  of  the  air 
contained,  the  engine 
is  operated,  the  water 
pumped  for  general 
purposes  aiding  by  ab- 
sorbing heat  from  the 
air  as  it  passes  through 
the  jacket. 

Hydraulic  water- 
lifts  have  of  late  years 
been  used  to  elevate 
water  by  water-pres- 
sure. With  them  va- 
rious arrangements  of 
piping  to  suit  a  wide  scope  of  conditions  are  possible.  If  city  water 
pressure  does  not  reach  the  upper  floors,  the  pressure  on  the  lower  floor 
may  be  employed  to  lift  the  supply  for  the  upper  floors,  either  for  direct 
use  from  the  pipe  as  usual,  by  aid  of  a  closed  accumulator,  or  by  first 
delivering  the  w^ater  elevated  into  an  open  tank  and  then  piping  as  in 
the  ordinary  tank  installation.  The  power-water  of  a  lift  (that  used 
to  elevate  with)  is  not  wasted  as  in  the  case  of  a  ram.  The  service 
for  the  low-level  fixtures  is  simply  carried  through  the  power,  cylinder 
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Fig.  67. 


Double-Cylinder  Hot  Air   Engine   for  Pumping 
House  Water  Supply. 
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of  the  lift,  and  elevation  takes  place  only  during  the  use  of  faucets 
connected  to  the  street  pressure.  The  amount  of  water  elevated  is 
therefore  governed  by  consumption  on  the  lower  floors;  and  the  ratio 
of  amount  elevated  to  that  used  directly  from  the  initial  pressure,  is 


TANK 


CITY   WATER 


<9A/,W///y//////.<p> 


Fig.  68.    Method  of  Using  City  Pressure  to  Pump  Soft  Water  for  House  Supplj% 

as  the  capacity  of  the  power  cylinder  to  that  of  the  one  operated  by  it. 
An  approximate  estimation  of  the  relative  amounts  of  elevated  and 
initial  supply  needed,  must,  on  this  account,  be  made  before  a  lift 
of  proper  construction  can  be  selected. 

Cistern  water  can  also  be  lifted  by  this  method  to  either  an  open 
or  closed  tank,  using  or  wasting  the  power  water  according  to  circum- 
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stances.  In  Fig.  68  is  shown  a  plan  by  which  the  use  of  hard  city 
water,  useful  for  some  purposes,  is  made  to  pump  rain  water  for  baths, 
trays,  etc.,  by  means  of  a  water  lift. 

Domestic  supply  by  what  is  termed  the  Pneumatic  Sijstem,  is  a 
feature  of  modern  plumbing  in  many  isolated  buildings.  The  manner 
of  pumping,  though  it  may  be  accomplished  by  any  of  the  means 
mentioned,  is  usually  by  hand  pump.  Instead  of  the  open  elevated 
tank  supplying  the  fixtures  by  gravity,  a  closed  tank  capable  of  with- 
standing the  required  pressure  is  placed  either  in  the  cellar  or  in  the 


Air  Pump 
Connection 


Suction 


Fig.  69.    Pneumatic  Water-Supply  Apparatus.    . 

ground.  The  pump  is  connected  with  the  tank  at  the  bottom,  with  a 
check-valve  between  the  pump  and  tank.  The  house  service  is  also 
taken  from  the  bottom  of  the  tank.  Pumping  the  water  in,  crowds  the 
air  in  the  tank  into  the  upper  portion,  so  that,  by  the  time  the  tank 
is  three-quarters  filled  with  water,  there  is  in  the  neighborhood  of  four 
atmospheres'  (or  45  pounds')  pressure  on  the  gauge.  Part  of  the 
storage  tank  being  occupied  by  air,  and  much  of  the  water  in  it  not 
available  under  the  pressure  thus  established,  higher  pressures  are 
often  employed,  either  by  pumping  air  in  with  a  separate  pum.p,  or  by 
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use  of  a  pump  delivering  both  water  and  air.     The  former  is  the 
more  satisfactory. 

A  type  of  pneumatic  service  apparatus  is  shown  in  Fig.  69.  The 
good  features  of  these  systems  are  that  clieap  and  permanent  support 
for  the  tank  is  secured ;  the  water  is  kept  cool  in  summer  and  free  of 
frost  in  winter;  and,  if  sufficient  capacity  is  provided,  fire-pressure  for 
a  time  can  be  obtained.  The  disadvantages  are  that  plain  iron 
cylinders  injure  the  water;  galvanized  cylinders  are  costly;  large 
cylinders  are  hard  to  make  and  keep  air-tight  through  the  strain  of 
transportation  and  installation ;  calking  seams  is  expensive ;  a  battery 
of  small  cylinders  offer  numerous  seams  and  connective  joints  as 
chances  for  leakage,  and  only  a  fraction  of  the  water  is  available  under 
ordinary  pressure;  high  pressure  is  severe  on  the  pump  and  parts; 
and  hand  pumping  is  very  laborious.  Pressure  higher  than  necessary 
for  the  purpose,  is  useless  expense  in  any  system. 

WASHER  AND  HYDRANT 

Assuming  that  a  house  is  to  be  piped  from  city  pressure,  the 
fixtures  of  the  yard  are  nearly  always  a  street  washer  and  yard  hydrant. 
The  principle  of  these  is  the  same ;  but  the  washer  is  primarily  intended 
for  the  attachment  of  hose  for  sprinkling  purposes,  while  the 
hydrant  body  extends  above  ground  so  that  vessels  may  be  placed 
under  the  nozzle  to  have  water,  drawn  into  them.  The  hydrant  may 
be  used  to  draw  either  with  or  without  a  hose  thread  on  the  nozzle, 
while  no  use  of  the  street  washer  is  possible  without  the  thread ;  hence 
there  may  be  a  material  difference  in  the  water  rates,  according  to 
the  possible  uses  the  water  can  be  put  to. 

The  valve  of  these  fixtures  is  placed  at  the  bottom,  2  to  5  feet 
below  the  surface,  according  to  climate.  The  working  parts  can  be 
withdrawn  for  repairs  without  disturbing  the  body.  Waste-holes  are 
open  when  the  pressure  valve  is  closed,  so  that  the  stem  and  body  will 
empty  to  below  the  freezing  point.  The  pressure  waste-hole  is  not 
entirely  closed  until  the  hydrant  or  washer  is  approximately  wide  open. 
For  this  reason,  turning  the  water  only  partly  on  when  drawing  or 
sprinkling,  while  it  does  no  apparent  harm,  is  likely  to  lead  to  trouble. 
If  the  ground  is  clay,  it  does  not  soak  up  the  w^ste.  If  there  is  a 
cellar  near,  it  will  sooner  or  later  find  its  way  into  it. 
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Even  if  care  is  taken  in  this  regard  and  the  hydrant  valve  fully 
opened  when  in  use,  there  is  a  liability  to  serious  dampness  from  the 
wastage  into  the  ground  of  the  water  stored  in  the  standpipe  above 
the  valve,  which  is  always  after  a  short  period  discharged  below  the 
ground-level  through  the  waste-hole. 

The  least  trouble  one  may  expect  from  careless  use  is  that  the 
ground  around  the  fixture  will  be  saturated,  and  the  body  stand  full 
of  water  instead  of  draining  away;  and  when  cold  weather  sets  in, 
damage  by  freezing  will  result.  The  action  of  frozen  ground  in  pullint>- 
up  on  the  body  of  these  fixtures  is  severe.  To  avoid  trouble  from 
wastewater  and  frost,  certain  precautions  are  taken  in  good  work. 
The  end  of  an  iron  pipe  is  too  rigid  for  direct  connection.  To 
overcome  this,  fittings  and  nipples  aie  added  so  as  to  make  the 
connection  indirect  and  secure  the  required  spring  in  the  joints  and 
pipe,  as  well  as  freedom  from  torsion.  A  short  piece  of  lead  pipe 
answers  the  same  purpose.  A  cavity  formed  about  the  base  of  the 
fixture  and  connections,  permits  freedom  of  action  and  greater  im- 
munitv  from  frost  breakage. 

Usually,  the  only  positive  way  to  insure  the  waste  water  draining 
away  harmlessly,  is  to  bore  a  dry-well  under  the  fixture  and  fill  it 
with  broken  rock  or  fragments  of  hard  brick.  This  filling  should 
extend  a  little  above  the  bottom  of  the  fixture,  and  should  have  a  stout 
cloth  folded  about  the  body  and  tucked  down  around  the  brick  at  the 
edges  so  that  the  earth  cannot  wash  in  and  choke  the  crevices  of  the 
filling. 

SERVICE  PIPES 

The  supply  to  the  house  should  have  a  stop  and  waste  immediately 
outside  the  wall — or,  preferably,  just  within  the  wall  if  the  cellar  is 
frost-proof.  For  outside  use,  the  iron  case  box  is  best.  Combination 
stop  and  waste  cocks  or  valves  of  similar  principle  are  generally  used 
for  this  and  all  other  shut-off  purposes  in  plumbing  work,  where  the 
waste  feature  is  permissible  at  all.  Two  separate  valves  or  cocks 
serve  the  purpose  perfectly,  of  course;  but  the  waste  is  likely  to  be 
forgotten,  thus  leaving  the  pipe  filled  and  subject  to  frost.  Merely 
closing  the  stop  and  opening  the  waste  will  not,  however,  drain  the 
pipe.  It  is  necessary,  also,  to  open  the  faucets  in  the  house,  in  order 
that  air  may  enter  at  the  upper  end  of  each  fine  and  counterbalance 
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the  atmospheric  pressure  at  the  waste  so  that  the  water  will  run  out 
by  gravity.  If  the  pipe  is  sagged  at  any  point,  the  water  retained 
will  have  to  be  blown  out  with  the  lungs.  If  the  pipe  is  trapped  by 
reason  of  its  course,  the  trap  is,  or  should  be,  provided  with  a  drain 
cock,  and  this  must  also  be  opened  to  insure  thorough  draining.  Air- 
chambers  usually  drain  without  attention  as  they  are  only  partially 
filled  by  compression  of  the  air  trapped  in  them,  and  when  the  pressure 
is  off,  the  air  expands  again  and  drives  the  water  out. 

While  speaking  of  draining  pipes,  it  may  be  well  to  mention  the 
draining  and  protection  of  waste  traps  from  frost  as  well.     Closet 

Side  Walk tanks   can    be    drained    by    simply 

pulling  the  chain  when  the  water  is 
off.  The  bowl  may  be  emptied 
with  a  sponge  or  rag;  but,  as  com- 
munication would  thus  be  opened 
between  the  house  and  soil  pipe, 
this  plan  is  not  advised  for  any 
kind  of  trap.  Common  salt  added  to 
the  water  in  the  trap  will  prevent 
freezing  until  the  contents  chill 
below  zero,  Fahrenheit.  Caustic 
soda  lowers  the  freezing  point,  and 
may  be  used  in  earthenware  with 
impunity;  but  while  it  has  shown 
no  noticeable  effect  on  metals,  it 
should  be  used  with  caution,  if  at  all, 
in  both  metal  and  porcelain-enameled  iron  fixtures.  Glycerine  and 
wood  alcohol  added  in  equal  parts  to  make  a  30  per  cent  solution  in 
the  trap  or  fixture,  will  prevent  freezing  above  zero.  If  the  house 
is  being  drained  for  a  considerable  period  of  disuse,  the  best  anti- 
freezing  and  seal-protecting  filling  for  ordinary  traps  is,  perhaps, 
glycerine  alone.  It  has  the  advantage  of  doing  no  injury  whatever 
to  any  material  used  in  such  goods,  and  it  will  not  evaporate. 

"While  it  is  sometimes  necessary  to  place  pipe  in  exposed  positions, 
plumbing  is  not  satisfactory  if  so  exposed  as  to  freeze  during  regular 
occupancy  of  the  house;  and  every  precaution  should  be  taken  to  locate 
the  fixtures  and  design  the  pipe  system  so  that  freezing  will  be  unlikely. 
When  exposure  cannot  be  avoided,  placing  the  hot  service  below  the 


Fig.  70.    One  Method  of  Protecting  Ser- 
vice Pipes  from  Frost.  Pipe  Carried 
through  Wide  Channel  in  Wall 
and  Packed  in  Mineral  Wool. 
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cold  on  horizontal  runs;  providing  circulation  in  the  hot  service  so 
placed;  provision  for  circulation  in,  or  otherwise  warming,  the  cold 
service;  and  employment  of  liberal  air-chambers,  may  singly  or 
otherwise  reduce  the  trouble  from  freezing  to  a  minimum. 


Fig.  70 
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Fig.  71.    Iron  Service  Pipe  Connected  to  Street  Main  by  Lead 
Pipe  to  Secure  Flexibility  and  Avoid  EtTects  of  Settling 

illustrates  the  precaution  taken  in  one  instance  to  protect  the  service 
in  a  cold-climate  job.  Water  for  the  whole  job  always  depends  upon 
the  service  being  in  working  order,  and  in  this  case  the  character  of  the 
ground  prohibited  drilling  down  to  carry  it  under  the  area  wall.     The 

wall  is  shown  liberally  channeled, 
thus  making  three  walls  and  the  ends 
of  the  box  of  stone.  The  pipe  is 
packed  in  mineral  wool.  The  main 
stop  and  waste  cock  is  shown  at  A. 
Fig.  71  shows  a  method  of  se- 
curing flexibility  necessary  to  com- 
pensate for   settling  when  connect- 

SERvicE  piPEi^^S  ai^  iron  service  pipe  w4th  the 
street  main,  a  section  of  lead  sup- 
ply being  wiped  in  next  the  main. 
The  service   box  and   stop-cock  at 

Fig.  72.     Service  Pipe  Carried  beneath  i  •        i 

Foundation  Wall.  the  curb  are  not  shown  m  the  en- 

graving. The  earth  under  the  pipe  should  be  rammed  down  solid 
after  the  connections  are  made,  so  that  pressure  from  above  will  not 
break  the  connection  or  strain  the  cock.  The  connections  between 
the  lead  and  iron  pipes  should  be  made  by  means  of  brass  ferrules 
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and  wiped  joints.  A  stop  and  waste  cock  should  be  placed  in  the 
sen  ice  pipe  just  inside  the  cellar  wall,  and  in  a  position  where  it  will 
be  accessible  in  case  of  accident.  A  drip  pipe  should  be  connected 
with  the  cock  tube,  for  draining  away  the  waste  water,  which  would 
otherwise  saturate  the  frost-proofing  and  chill  the  pipe  by  con- 
duction. 

Simple  boxes  with  multiple  walls  with  air-space  between,  may  be 
employed  in  protecting  pipes  against  frost;  or  a  single  box  with  mineral 
wool,  hair,  felt,  shavings,  or  granulated  cork  may  suffice.  When  the 
service  is  brought  under  the  foundation  before  entering  the  cellar, 
as  shown  in  Fig.  72,  frost-proofing  is  seldom  necessary. 

DIRECT   SUPPLY 

The  salient  features  of  the  supply  system  for  city  pressure,  not 
already  mentioned,  are;  separate  shut-off  cocks  for  the  supplies  of 

each  fixture;  separate  lines  to  each 
isolated  fixture  or  to  each  group 
of  fixtures;  f-inch  supply  to  all 
sinks,  trays,  and  baths;  Wnch 
supply  to  water-closet  tanks;  and 
2  or  f-inch  branches  for  lavatories; 
no  traps  in  supply  lines;  return  cir- 
culation from  lavatory  hot  supply 
so  that  hot  water  can  be  drawn 
instantly  at  the  lavatory  faucet; 
storage  cylinder  for  hot  water  amply  large  to  furnish  a  hot  bath  with- 
out robbing  the  hot  sers'ice  for  other  purposes;  faucet  on  sediment 
pipe,  so  that  water  can  be  drawn  at  that  point  when  desired ;  and 
proper  stove  connection.  All  shut-offs  in  direct-pressure  work,  ex- 
cept where  located  immediately  at  the  fixture,  should  be  siop  and 
waste,  with  the  waste  on  the  house  or  fixture  side. 

On  single  runs  of  lead  pipe,  make  all  bends  on  the  same  size  of 
pipe,  of  the  same  radius.  ]\Iake  no  bend  on  any  size  pipe,  except 
tubing,  of  less  than  3-inch  radius  to  the  center  of  the  pipe.  Give  |- 
and  4-inch  pipe  l^ends  3-inch  radius;  and  I  and  1-inch  pipe  bends, 
4-inch  radius.  Where  two  pipes  of  different  size  run  together  and 
bend  in  opposite  directions,  give  the  bend  of  the  smallest  pipe  the 
radius  prescribed  for  the  bend  in  the  larger  one,  if  practicable. 


Fig.  73.     Method  of  Laying  Out  Con 
centric  Bends  In  Parallel  Pipes. 
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TABLE   HI 
Data  Relating  to  Offsets 


Bend  Equal  to 

h  60  °    , 

I  45° 

I's  30  ° 

i_  9.710 

Hi  ■• — 2 

3  2  ^  '  4 

1  Kr,a 

t,f  ^n 


Multiply  by 
1.15 
1  .414 
2.00 
2-.61 
5.12 
10,22 


Where  more  than  one  pipe  bend  in  the  same  direction,  make  the 
bends  of  the  pipes  form  arcs  of  concentric  circles  as  shown' in  Figs.  73 
and  74.  To  set  off  the  offsets  in  Fig. 
74,  draw  Une  A,  at  the  end  of  the 
first  bends;  and  with  the  proper 
radii,  describe  the  arcs  that  outUne 
them.  Set  off  one-eighth  of  the 
circumference  of  the  circle  corre- 
sponding to  the  larger  arc,  and  draw 
line  C,  cutting  the  center  of  the 
circle.  Then  produce  dotted  line 
D,  and  set  off  a  square  the  diagonal 
of  which  will  give  the  straight 
pieces  of  the  offset  desired;  and 
produce  E  parallel  to  C.  Next  de- 
scribe the  arcs  outlining  the  second 
bends,  finding  the  center  on  E  from 
radius  equal  to  the  corresponding 
radius  at  A,  which  will  be  at  the 
intersection  of  E  and  B.  This 
brings  the  offset  parts  the  same 
distance  apart  as  the  runs  are.  To 
accomplish  this  result  with  iron 
pipe,  the  centers  of  45-degree  fittings 
would  have  to'  be  placed  at  the  intersections  of  tangents  of  the  arcs, 
thus  throwing  the  fittings  in  a  line  deviating  22i  degrees  from  one 
perpendicular  to  the  run.  This  plan  is  the  strictly  correct  way;  but 
on  account  of  the  difficulty  of  laying  out  the  work,  it  is  more  usual 


FiR.  74.    Method  of  Laying  Out   Offset 

ia  Parallel  Pipes  to  Preserve  Equal 

Distance  between  Them. 
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to  line  up  offset  fittings  perpendicular  to  the  runs,  and  let  the  offset 
pieces  fall,  as  they  will,  nearer  to  each  other,  center  to  center,  than  are 
the  lines  of  the  runs. 

Offset  pieces  from  center  to  center  of  fittings  exceed  in  length 
the  distance  offset  in  the  ratio  indicated  by  the  constants  given  in  the 
accompanying  table.  To  find  the  length  of  an  offset  piece,  center  to 
center  of  fittings,  simply  multiply  the  distance  the  line  is  to  be  offset, 
by  the  constant  given  for  the  particular  fittings  to  be  used. 

Water  Supply  to  Fixtures.  In  a  small  installation,  the  running 
of  a  separate  supply  to  each  fixture  is  desirable.  There  is,  however, 
a  limit  to  the  number  of  fixtures  and  isolated  location  of  them,  beyond 
which  the  furnishing  of  separate  supplies  to  each  faucet  is  folly,  as,  in 
addition  to  the  confusion  of  pipes,  and  the  expense,  it  leaveiB  more  ma- 
terial open  to  possible  failure,  and  does  not  reduce  the  chances  of 
lack  of  service  in  proportion,  the  sole  object  of  separate  supplies 
(and  of  cocks,  too)  being  to  avoid  losing  the  service  of  other  fixtures 
during  times  when  one  of  them,  or  its  supply  or  waste,  must  be 
repaired. 

In  a  residence  job,  two  main  supplies  to  each  bathroom,  with 
separate  stops  for  each  fixture,  are  sufficient;  and  a  return  circulating 
pipe  from  the  lavatory  will  serve  every  purpose,  as  the  water  is  kept 
hot  in  the  main  line  to  the  bath  branches. 

The  pump  and  kitchen-sink  work  of  a  country  job  of  this  type  is 
shown  in  Fig.  75.  The  pump  air-chamber  discharge  leads  up  to 
and  over  tank.  An  opening  near  the  pump  provides  for  elevating 
water  by  other  means  if  desired.  The  pump  faucet  is  piped  up  and 
over  so  as  to  discharge  into  sink.  The  tell-tale  pipe  from  tank  leads 
down  behind  sink-back  and  out  through  a  nozzle,  as  shown.  The 
sink  supplies  are  fitted  with  stop-cocks.  The  pressure  being  light, 
there  are  no  air-chambers  to  the  sink  faucets.  The  supply  to  pump 
is  from  a  large  cistern. 

Fig.  76  shows  the  supplies  of  the  same  job,  on  the  kitchen  ceiling. 
The  system  provides  positive  circulation  to  keep  hot  water  near  the 
bathroom  fixtures.  The  hot  supply  is  on  the  left  side  for  each  fixture. 
There  is  only  one  pipe  crossed,  and  it  does  not  interfere  with  draining 
the  job.  There  are  no  traps  in  the  supplies,  nor  drain  cocks,  to  be 
forgotten.  There  is  a  relief  line  from  the  reservoir  to  the  tank,  so 
that  it  is  not  possible  to  close  every  means  of  escape  for  vapor  or  steam 
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Fig.  75.    Pump  and  Kitehen-Sink  of  a  Country  Installation. 
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Fig.  76.    Plan  Showing  Layout,  on  Kitchen  Ceiling,  of  Supply  Pipes  in  Installation 
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from  the  reservoir.     The  hot  supply  and  cold  service  arc  both  open  to 
the  air  at  the  tank. 

The  disadvantage  of  this  job  is  that  the  cocks  which  stop  the  hot 
water  to  the  bathroom  are  over  the  reser\'oir.  AVhile  each  fixture  is 
controlled  separately,  by  cocks  in  addition  to  its  regular  faucets,  all 
the  lines  are  not  under  control  individually.  This  arrangement 
embraces  every  feature  essential  to  good  service  and  with  the  least 
possible  material.  The  nickeled  supply  in  bathroom  is  thus  reduced 
to  a  minimum,  and  the  chances  for  leakage  to  do  damage  are  greatly 
lessened.  For  comparison,  the  kitchen  work  of  an  actual  installation 
with-  separate  supplies,  having  one  bathroom  and  three  odd  fixtures, 
is  shown  in  Fig.  77.  This  number  of  fixtures  is  considered  about 
the  limit  in  strictly  separate  supply  work  for  residences,  when  all  the 
lines  radiate  from  one  point,  as  they  do  in  this  case.  In  order  that 
their  purpose  may  be  understood,  the  pipes  shown  in  Fig.  77  are 
numbered.  Pipe  1  carries  the  w'ater  from  the  house  force-pump  to 
the  tank,  and  is  arranged  to  discharge  over  the  top  of  the  tank.  The 
tell-tale  pipe,  2,  is  from  the  tank,  and  discharges  in  the  sink,  so  that 
the  person  using  the  pump  will  know,  when  water  flows  from  it,  that 
the  tank  is  full  to  overflowing.  The  cold-water  supply  to  the  butler's 
sink  is  No.  3.  No.  4  is  the  hot-water  supply  to  the  same  fixture. 
Pipe  5  is  the  return  circulation  from  the  bathroom  hot  supply.  To 
make  proper  circulation  certain  at  all  times,  regardless  of  the  trap  in 
the  hot-service  pipe  made  by  dropping  from  the  boiler  and  running 
across  under  the  sink  before  rising  to  the  second  floor,  the  hot-service 
pipe  is  continued  to  the  attic  and  a  return  made  from  there,  an  air- 
pipe  being  taken  from  the  highest  point  over  the  tank,  to  prevent  its 
becoming  air-bound.  The  position  of  the  stop-cocks  is  such  that  they 
will  drain  without  giving  special  attention  to  the  waste  water,  which 
discharges  into  the  sink;  and  the  cocks  are  within  easy  reach  from 
the  floor.  Pipe  G  is  the  cold-water  supply  to  the  bathroom  fixtures. 
The  supply  to  the  water-closet  tank  is  taken  from  pipe  9,  which 
passes  under  the  closet  room,[a  cock  being  placed  just  above  the  floor. 
Pipe  7  is  the  hot-water  supply  to  the  bathroom  fbctures.  The  main 
cold  supply  from  the  tank  is  pipe  8,  which  has  a  cock  over  the  sink, 
and  is  also  provided  with  a  valve  at  the  tank.  Pipe  9  supplies  cold 
water  to  the  laundry,  the  hall  lavatory,  and  the  water-closet  already 
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mentioned.  Pipe  10  supplies  hot  water  to  the  laundry  and  the  hall 
lavatory. 

All  of  the  service  pipes,  both  hot  and  cold,  above  the  first  floor, 
are  continued  upward  from  the  kitchen  ceiling  through  a  partition 
to  and  over  the  tank.  This  allows  air  to  enter  the  pipes  and  drain  the 
lines  when  the  stop-cocks  on  them  are  turned  off. 

Baths  do  not  need  circulation  for  the  same  reason  that  lavatories 
do.  Lavatory  faucets  are  small  in  nozzle,  as  a  rule;  only  small 
quantities  of  water  are  needed  at  a  time;  and  it  is  annoying  to  have 
to  waste  time  in  drawing  out  cold,  *'dead"  water  and  enough  more 
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Fig.  77.    Kitchen  Arrangemeut  of  ;i  Separate  Supplj- Tauk-In- 

stallatiou. 

to  warm  the  pipe  line,  before  warm  water  can  be  had  at  the  faucet. 
Where  the  water  must  be  pumped  by  hand  this  is  still  more  aggra- 
vating. Kitchen  sinks  are  close  to  the  hot  supply  source,  and  do 
not  need  circulation.  Lavatories  and  other  fixtures  remote  from 
the  bath  or  main  toilet  room,  are  sometimes  served  from  the  circu- 
lating loop  instead  of  separately. 

Hot=\\'ater  Storage.  The  storage  cvlindei  for  hot  water  is 
made  in  both  horizontal  and  vertical  types.  When  heated  by  stove 
connections,  the  vertical  type,  shown  in  Fig.  78,  is  best;  and  this 
tj'pe  is  usually  employed.  The  only  difference  in  the  standard  makes 
is  the  position  of  the  connections.  Both'  vertical  and  horizontal 
t}'pes  are  connected  and  operate  on  the  same  principles,  and   the 
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arrangement  of  one  may  be  deduced  from  the  modus  operandi  of 
the  other.  The  vertical  type,  for  example,  of  iron  or  mild  steel,  gal- 
vanized inside  and  out,  single-  6t  double-riveted,  hea^'y,  and  calked 
according  to  pressure  designed  for,  is  generally  divided  into  two 
classes — Standard  and  Extra  Heavy.     Seamless   copper  cylinders, 

reinforced  inside 
Hot  Water  to  Building  for  heavy  work, 

are  made. 

The  light 
copper  shells  for 
light  pressure, 
not  reinforced, 
are  collapsible 
under  partial 
vacuum,  and 
frequently  do 
collapse  when 
the  supply  is  be- 
ing drained,  on 
account  of  the 
delivery  failing 
to  admit  air  to 
take  the  place  of 
the  water.  Cop- 
per shells  are 
also  much  more 
likely  to  rupture 
under  strain  than 
iron  or  steel 
shells.  Take, 
for  instance,  a  house  with  copper  storage  cylinder,  with  hot  fire  and  in 
extremely  hot  water,  as  on  wash-day;  then,  if  the  pressure  is  suddenly 
reduced  by  opening  a  faucet  or  otherwise,  and  the  temperature  is 
far  above  the  boiling  point  of  the  water  under  the  remaining  pressure, 
the  tendency  is  for  the  whole  volume  of  water  to.  turn  instantly  to 
steam.  This  has  happened  with  disastrous  effect  in  more  than  one 
instance,  the  copper  shell  being  ripped  and  spread  out  almost  ia 
a  plane. 


Fig.  78. 


Vertical  Type  of  Hot- Water  Storage  Cylinder  Adapted 
for  Kange  Heating. 
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Rumbling  noise  is  frequently  heard  in  any  type  of  reservoir. 
Water  being  heated  throughout,  or  perhaps  only  at  some  points  in 
the  stove,  to  above  the  boiling  point  corresponding  to  the  pressure, 
steam  bubbles  form  in  the  hottest  places  and  crowd  the  water-back 
into  the  main  or  into  the  air-chambers  to  make  room  for  themselves. 
It  is  the  concussion  caused  by  the  collapse  of  these  bubbles  fcrmino- 
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Fig.  79.    Method  of  Connecting  Reservoir  to  Two  Water-Backs  on  Different  Floors. 

and  condensing  in  rapid  succession,  that  creates  the  rumbling  noise. 
This  condition  sometimes  results  from  a  brisk  fire  when  the  reser^'oir 
water  is  not  overheated,  and  is  due  to  air-traps  in  tho  connection,  or 
constriction  by  incrustation  or  otherwise.  Paimbling  under  this 
condition  is  a  cause  for  prompt  investigation. 

The  means  of  heating  may  be  a  cast  back  or  front,  or  a  hand- 
made  pipe  coil  in  the  firebox.      Air- traps  favoring  the  formation 
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of  steam  are  occasioned  by  wrong  inclination  of  the  connection,  by 
reduction  of  its  diameter  in  the  horizontal  part,  or  by  the  upper  hole 
of  a  cast  back  being  tapped  below  the  top  of  the  water  cavity.  The 
bottom  of  a  reservoir  is  below  the  firebox  level  when  placed  on  the 
regular  stand.  When  it  is  desirable  to  connect  a  reservoir  with  two 
water-Jjacks,  one  in  the  kitchen  range  for  regular  service  and  another 
in  a  laundry  stove  in  the  cellar,  the  plan  of  connecting  them  seen  in 
Fig.  79  is  proper.  In  this  case,  either  stove  may  be  used  sepa- 
rately, or  both  together,  as  occasion  demands.  The  sediment 
cock  of  the  upper  reservoir  may  be  handy  to  draw  from  at  times; 
but  the  lower  one  will  be-  found  to  collect  most  of  the  sediment,  and 
should  be  opened  quite  frequently  to  cleanse  the  water-back  and  con- 
nections. 

In  laundries,  public  bathrooms,  etc.,  where  a  large  amount  of  hot 
water  is  used,  it  is  necessary  to  have  a  larger  storage  tank  and  a 
heater  with  more  heating  surface  than  can  be  obtained  in  the  ordinary 
range  water-back.  Fig.  80  shows  an  arrangement  for  this  purpose, 
using  the  horizontal  type  of  storage  tank.  The  tank  may  be  of  gal- 
vanized wrought  iron  or  steel,  any  size  desired,  and  is  usually  sus- 
pended from  the  ceiling  by  means  of  heavy  iron  stirrups.  The  heaters 
used  are  similar  to  those  employed  for  hot-water  house  warming. 
The  simplest  method  of  making  the  connections  is  indicated  in  the 
illustration.  If  the  supply  is  from  a  street  service,  or  there  are  faucets 
on  the  storage  tank  supply  below  the  hot  storage  reservoir  level, 
making  it  possible  for  the  tank  to  become  empty  through  those  faucets 
or  failure  of  the  street  supply,  there  should  be  a  check-valve  in  the 
cold-water  connection. 

The  capacity  of  the  heater  and  ^a?i/i- employed  will  depend  upon 
the  amount  of  water  used.  In  some  cases  a  large  storage  reser- 
voir and  a  comparatively  small  heater  are  preferable,  and  in  others 
the  reverse  is  more  desirable. 

The  required  grate  surface  of  the  heater  may  be  computed  as 
follows: — First  determine  or  assume  the  number  of  gallons  to  be 
heated  per  hour,  and  the  required  rise  in  temperature.  Reduce  gallons 
to  pounds  by  multiplying  by  8.3,  and  multiply  the  result  by  the  rise 
in  temperature  to  obtain  the  number  of  thermal  units.  Assuming  a 
combustion  of  five  pounds  of  coal  per  square  foot  of  grate,  and  an 
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efficiency  of  8,000  thermal  units  per  pound  of  coal,  we  have  the 

formula : 

„     ,           ,        .            „        Gal.  per  hour  X  S.3  X  Rise   in  temp. 
Grate  suriace  in  sq.  ft.  = 5X8;000 

Example.     How   many   square   feet  of  grate   surface   will   be 
required  to  raise  the  temperature  of  200  gallons  of  water  per  hour 
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Fig.  80.    Horizontal  Type  of  Hot- Water  Storage  Cylinder  Con- 
■    nected  to  Healer. 

from  40  degrees  to  ISO  degrees?     Substituting  values  in  the  above 
formula,  we  have: 

200  X  8.3  X  (180-40)       ^„ 

5XM00 =  ^-^  ^^"^'•^  ^^"*- 

In  computing  the  amount  of  water  required  for  bathtubs,  it  is 
customaiy  to  allow  from  20  to  30  gallons  per  tub,  and  to  consider 
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that  the  tub  may  be  used  three  or  four  times  per  hour  as  a  maximum 
(hiring  the  morning.  This  will  vary  a  good  deal,  depencing  upon  the 
character  of  the  building.  The  above  figures  are  based  on  apartment 
hotel  practice. 

Storage  cylinders  or  reservoirs  for  hot  water  are  often  called 
boilers,  but  will  henceforth  be  referred  to  as  reservoirs.  A  stove  or 
range  connection  is  essentially  described  as  follows:  The  sediment 
pipe  should  terminate  in  a  faucet  at  the  lowest  point  in  the  bottom 
connection,  which  connection  should  rise  continuously  from  the 
lowest  point  to  the  bottom  hole  in  the  heater.  No  direct  connection 
should  ever  be  made  between  the  water  supply  pipes  and  the  drain. 
Even  if  such  a  connection  is  above  the  trap  of  a  fixture,  there  is  some 
danger  that  foul  liquids  or  gases  may  penetrate  for  some  distance  into 
the  supply  pipes  and  thus  afford  a  possibility  of  contajiiination  of  the 
water  supply.  The  upper  connection  should  rise  continuously  from 
the  upper  hole  of  the  heater  to  the  hole  in  the  side  of  the  reservoir; 
or,  if  preferred,  in  order  to  get  hot  water  instantly  after  the  fire  begins, 
the  upper  connection  may  rise  and  connect  into  the  main  hot  service 
over  the  reservoir.  The  circulation  will  be  the  same;  but  in  general, 
connecting  at  the  hole  in  the  side  gives  best  results,  though  in  this 
case  the  first  portion  of  water  heated  mingles  with  the  balance  in  the 
upper  end  of  the  reservoir,  and  the  following  portions  in  succession, 
so  that  no  hot  water  can  be  obtained  until  all  the  water  above  the 
side  hole  is  warmed.  The  bottom  hole  serves  for  emptying,  cleansing, 
and  circulation  to  the  stove. 

The  return  circulation  is  always  connected  to  the  bottom  pipe 
of  the  stove  connection,  as  shown  in  Fig.  81,  in  which  the  hot  service 
and  circulating  pipe  are  represented  by  dotted  lines.  The  side  hole 
is  simply  to  receive  the  water  from  the  stove.  There  are,  or  should  be, 
two  holes  in  the  top,  one  in  the  center  of  the  head,  and  the  other  about 
half  the  radius  in  the  direction  of  the  side  hole.  The  eccentric  hole 
is  for  cold-water  entry.  The"  cold  supply  might  be  admitted  at  the 
bottom,  but  the  result  would  be  to  empty  the  reservoir  when  the  house 
supply  is  turned  off.  The  cold  supply  is  not  emptied  abruptly  into 
the  top  of  the  reservoir.  A  delivery  pipe  is  extended  to  very  near  the 
bottom,  say  within  two  or  three  inches,  so  that  the  watep  will  mingle 
directly  with  the  coldest  portion  near  the  bottom,  where  it  begins  its 
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journey  to  the  stove  to  be  heated.  The  usual  way  is  by  simple  open- 
end  pipe,  but  the  end  of  the  pipe  should  be  plugged  and  holes  drilled 
in  the  pipe  and  plug  so  as  to  form  a  spray  delivery.  This  does  not  aid 
the  delivery  or  heating  at  all,  but  the  spray  will  scour  the  bottom  and 
sides  adjacent  when  the  reservoir  is  emptied  and  flushed  to  rinse  out 
scale  and  sediment.  Immediately  under  the  upper  head,  the  delivery 
pipe  must  have  a  ^-inch  hole  drilled  in,  so  that  air  will  enter  and 
break  the  siphon,  and  thus  avoid  inadvertently  emptying  the  reser- 
voir when  intending  only  to  cut  off  the  supply  and  drain  the  pipe. 
See  Fig.  78. 

The  siphon  hole,  as  it  is  termed, 
should  be  turned  in  the  direction 
opposite  the  eccentric  hole,  which 
is  for  the  hot-water  exit,  so  that  the 
stream  of  cold  water  which  issues 
there  when  water  is  coming  into  the 
reservoir  will  not  cut  across  and  in- 
terfere with  the  hot  serv'ice  which 
is  always  leaving  the  reservoir  at  the 
same  time.  If  the  delivery  were 
placed  nearest  the  side  hole,  hot 
water  from  the  stove  would  have  to 
pass  around  it  in  order  to  reach  the 
exit.  Delivering  the  cold  through 
a  pipe  passing  down  through  the 
volume  of  hot  water  is  no  material 
retardation  of  the  heating  process. 
The  heat  thus  absorbed  by  the  cold 
delivery  is  simply  that  much  aid  to 
the  ultimate  purpose.  This  cannot 
be  said  of  the  siphon-hole  jet  when  directed  across  the  hot  exit  or 
in  its  direction. 

The  object  in  putting  the  siphon-hole  near  the  upper  head  is  to 
avoid  siphoning  more  water  than  necessary,  as  the  waste  tubes  of 
stop  and  waste  cocks  are  generally  left  open — not  connected  to  drains, 
and  often  not  even  discharg-ino;  where  the  waste  can  be  left  to  take 
care  of  itself.  Moreover,  it  is  a  waste  of  the  stored  hot  water  to 
siphon  out  several  inches  from  the  hottest  point. 
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Fig.  81.    Pipe  Connections  to  Heater  and 
Fixtures.     Hot  Service  and  Circula- 
ting Pipe  Slio\\Ti  by  Dotted  Lines. 
Return  Circulation  Connected 
to  Bottom  Pipe  in  Water- 
BacU. 
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Care  should  be  taken  not  to  have  the  hot  connection  extend  into 
the  upper  head  below  the  inner  surface,  as  this  would  form  an  air- 
space which  could  not  be  filled  with  water,  and  thus  annoying  noise 
and  the  formation  of  steam  would  be  favored.,  if  no  other  consequence 
presented  itself. 

It  is  essential  to  keep  the  water-back  or  coil  filled.  Sometimes 
the  supply  may  be  off  for  a  day  or  so.  No  water  can  then  be  drawn 
at  the  regular  faucets;  and  extreme  care  should  be  taken  not  to  draw 
too  much  from  the  sediment  faucet,  as  this  is  the  time  when  temptation 
to  use  it  is  hard  to  overcome.  The  reservoir  full  will  keep  the  level 
above  the  side  hole  for  weeks,  if  none  is  deliberately  drawn  out.     The 
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Fig.  83.    Horizontal  Hot-Water  .Storage  Reservoir  with  Steam  Coil  of  Brass  Pipe  for 
Heating.    Used  Where  Steam  Pressure  is  Constaully  Maintained. 

lieiglit  of  the  water  can  be  told  by  tapping  on  the  shell,  and  in  no  case 
should  it  be  allowed  to  fall  below  the  side  opening;  neither  will  it  do 
to  empty  the  resers^oir  and  use  the  fire  with  the  back  empty.  Either 
keep  water  in  the  reservoir  in  cases  of  emergency,  or  remove  the  water 
heater  altogether  and  substitute  a  tile  back  until  regular  water  supply 
can  be  had.  A  reservoir  can  be  replenished  with  a  pail  and  funnel, 
by  hand,  by  loosening  one  of  the  top  connections. 

In  apartment  or  other  houses  where  steam  pressure  is  constantly 
maintained,  the  whole  plumbing  system  is  usually  supplied  with  hot 
water  through  the  medium  of  a  reservoir  provided  with  steam  coil  of 
brass  pipe,  as  shown  in  Figs.  82  and  83.     The  tromhonc  coil,  illus- 
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trated  in  Fig.  82,  can  be  used  only  on  horizontal  tanks;  it  would  not 
drain  in  any  other  position.  The  water  of  condensation  is  generally 
wasted  into  the  sewer,  delivered  to  a  hot  well,  or  returned  by  steam 
trap.  Steam  heat  in  such  instances  takes  the  place  of  the  water 
heater  used  in  stoves  and  ranges  in  general  domestic  work. 

The  efficiency  of  a  steam  coil  when  surrounded  by  water  is  much 
gi'eater  than  when  placed  in  the  air.     A  brass  or  copper  pipe  will  give 


off  about  200  themial  units  per 
square  foot  of  surface  per  hour  for 
each  degree  difference  in  temper- 
ature between  the  steam  and  the 
surrounding  water.  This  is  assum- 
ing that  the  water  is  circulating 
through  the  heater  so  that  it  moves 
over  the  coil  at  a  moderate  velocity. 
The  ratio  of  absorption  decreases 
as  the  temperature  of  the  water  ap- 
proaches that  of  the  steam  surface. 
In  assuming  the  temperature  of  the 
water,  take  the  average  between  that 
at  the  inlet  and  that  at  the  outlet. 

Example.  How  many  square 
feet  of  heating  surface  will  be  re- 
quired in  a  brass  coil  to  heat  100 
gallons  of  water  per  hour  from  38  „.    „„ 

°  ^  Fig.  83. 

degrees  to  190  degrees,  with  steam 
at  5  pounds'  pressure? 


...:::::::::^# 


COLD    WATER 
SL/PPLy 


Vertical  Storage  Reservoir  wltb 
Steam  Coil  of  Brass  Pipe  for  Heating. 
Used  Where    Steam    Pressure  is 
Coustantl}'  Mairitained. 


Water  to  be  heated  ~-  100  X  8.3  =  830  pounds. 

Rise  in  temperature  —  190  —  3S  =  152  degrees. 

Average  temperature  of  water  in  contact  with  the  coils 

-  190  +  38 

— 7, =  114  degrees. 


pressure  =   228°  approximately 


Temperature  of  steam  at  5  pounds 
(actually  227.964°). 

The  required  B.  T.  U.  per  hour  =  830  X  1.52  =  126,160. 

Diflference  between  the  average  temperature  of  the  water  and  the  tem- 
perature of  the  steam  =  228  —  114  =:  114  degrees. 

B.  T.  U.  given  up  to  the  water  per  square  foot  of  surface  per  hour  = 
114  X  200  =  22,800.     Therefore,  Xo.  of  feet  of  heating  surface  required 
^.»  .  _  126,160 


22,800 


5.5  square  feet. 
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EXAMPLES  FOR  PRACTICE 

1.  How  many  linear  feet  of  1-inch  brass  pipe  will  be  required 
to  heat  150  gallons  of  water  per  hour  from  40  to  200  degrees,  with 
steam  at  20  pounds'  pressure?  Axs.  21.3  feet. 

2.  How  many  scjuare  feet  of  grate  surface  will  be  required  in 
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Fig.  84.    Storage  Tank  Heated  by  Steam  Coil  in  Winter;  Cross-Counected  to  Coal 

Heater  iu  Summer. 

a  heater  to  heat  300  gallons  of  water  per  hour  from  50  to  170  degrees? 

Ans.  7.4  sq.  ft. 
3.  A  hot-water  storage  tank  has  a  steam  coil  consisting  of  30 
linear  feet  of  1-inch  brass  pipe.  It  is  desired  to  connect  a  coal-burning 
heater  for  summer  use,  which  shall,  have  the  same  capacity.  Steam 
at  5  pounds'  pressure  is  used,  and  the  water  is  raised  from  40  to  180 
degrees.     How  many  square  feet  of  grate  surface  are  required? 

Ans.  5.9  sq.  ft. 
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4.  A  hotel  has  30  bathtubs,  ^v 
between  the  hours  of  seven  and  nine 
in  the  morning.  The  hot-water  sys- 
tem has  a  storage  tank  of  400  jral- 
Ions.  Allowing  20  gallons  per  bath, 
and  starting  with  the  tank  full  of 
hot  water,  how  many  square  feet  of 
grate  surface  will  be  required  to  heat 
the  additional  quantity  of  water 
within  the  stated  time,  if  the  tem- 
perature is  raised  from  50   to    130 


hich  are  used  three  times  apiece 


I  of  Furnace 


^i 


degrees  "i* 


™»~o«cooc«g 


HOr  WATER       SUPPLV 


LJ^ — B' 


Fig.  86.      Temperature  Regulator  Attached  to 
Coal  Heater. 


*^Drain 

Fig.  85.  Cross-connection  of  Storage  Tank 
to  Firepot  of  Furnace. 

Ans.  11.6  sq.  ft. 

If  steam  at  10  pounds'  pres- 
sure is  used  instead  of  the 
heater,  how  many  square  feet 
of  heating  coil  will  be  re- 
quired? Ans.  15.3  sq.  ft. 

Sometimes  a  storage  tank 
is  connected  with  a  steam- 
heating  system  for  winter  use, 
and  cross-connected  with  a 
coal-burning  heater  for  sum- 
mer use  when  steam  is  not 
available.  Such  an  arrange- 
ment is  shown  in  Fig.  84.  A 
cross-connection  for  the  same 
purpose  is  often  made  to  the 
fire-pot  of  the  house-warming 
heater,  as  indicated  in  Fig.  85. 
A  drain  at  the  lowest  point  is 
essential,  but  so  deep  a  dip  as 
shown  is  not  necessary. 

Temperature  Regulation. 
Hot-water  storage  tanks  hav- 
ing special  heaters  or  steam 
coils,  should  be  provided  with 
some  means  for  regulating  the 


temperature  of  the  water.      Fig.  86  shows  a  simple  form  attached  to  a 
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coal-burning  heater.    It  consists  of  a  hollow  casting  about  nine  inches 

long,  tapped  at  the  ends  to  receive 
2-inch  pipe,  and  containing  a  second 
shell  called  the  sicam  generator, 
shown  in  detail  in  Fig.  87.  The  outer 
shell  is  connected  with  the  circula- 
tion pipe  as  shown  in  Fig.  86.  The 
generator  is  filled  with  kerosene,  or 
a  mixture  of  kerosene  and  water, 
depending  upon  the  temperature  at 

which  it  is  wished  to  have  the  regulator  operate.     The  inner  chamber 


Fig.  87.    Steam  Generator  of  Tempera 
lure  Regulator  Shown  in  Fig.  ¥6. 


Fig.  83.   Temperature  Regulator  Connected  to  Steam  Coil. 

» 

connects  with  a  space  below  a  flexible  rubber  diaphragm  in  a  sepa- 
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rate  case  adapted  to  operate  the  draft  lever.  The  IxtiHng  point  of 
the  mixture  in  the  generator  is  lower  than  that  of  water  alone,  and 
depends  upon  the  proportion  of  kerosene  used,  so  that  when  the  tem- 
perature of  the  water  in  the  outer  chamber  reaches  this  point,  the 
mixture  Iwils,  and  its  vapor  creates  a  pressure  which  moves  the  dia- 
phragm and  closes  the  draft  door  of  the  heater,  with  which  it  is  con- 
nected. 

A  form  of  regulator  for  use  with  a  steam  coil  is  shown  in  Fig.  88. 
This  consists  of  a  rod  made  up  of  two  metals  having  difierent  coeffi- 


Fig.  89.    Gas  Heater  witU  Automatic  Mechanism  for  Controlling  Hot  Service.    View  at 

Right  Shows  Interior  Coils. 


cients  of  ex-pansion,  and  so  arranged  that  the  difference  in  expansion 
will  produce  sufficient  movement  to  open  a  small  valve  when  the 
water  reaches  a  given  temperature.  This  allows  water  pressure 
from  the  street  main  with  which  it  is  connected,  to  flow  into  a  chamber 
abftve  a  rubber  diaphragm,  thus  closing  the  steam  supply  to  the  coil. 
"When  the  water  cools,  the  rod  contracts,  and  the  pressure  is  released 
above  the  diaphragm,  allowing  the  valve  to  open  and  thus  again  admit 
steam  to  the  coil. 
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Return  circulation  is  provided  in  these  installations  in  the  way 
already  described,  being  even  more  essential  than  in  small  jobs  with 
shorter  runs  aftd  fewer  fixtures;  yet  one  would  think  that  the  great 
number  of  fixtures  ser\'ed  would  insure  at  least  one  or  another  being 
in  constant  use,  and  thus  keep  warm  water  in  the  main  lines  without 
special  provision  for  the  purpose. 

In  cottages  with  no  bath  and  with  small  culinary  requirements, 
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Fig.  90.    Gas  Heater  Con- 
nected toResei'voir  and 
Controlled    by   Ther- 
mostatic Valve  Pro- 
jecting into  Latter. 


COLD  WATER 
C/i AMBER 
-f-iOT  WATER 
C/iAMBER 

COLO  WATER 

HOT  WATER 

COLO  WATER 
/NLET 


Fig.  91.    Enlarged  Section  of  Gas  Heater  Shown  in  Fig.  90. 


a  30-gallon  reservoir  is  sufficient.  Not  less  than  40  gallons  should  be 
employed  for  a  bathroom  job.  The  capacity  of  the  average  stove 
heater  is  even  too  great  for  40  gallons'  storage  unless  there  is  liberal 
use  of  hot  water;  but  where  gas  is  used  and  the  water  heating  inde- 
pendent of  the  cooking  heat,  as  it  generally  is,  the  temperature  can 
be  regulated  to  suit.  A  storage  capacity  of  52  gallons  or  more  is 
usual  for  large  residences. 
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Gas  Heaters.  There  are  gas  heaters  provided  with  thermo- 
static or  pressure  mechanism  by  which  the  hot  service  is  taken  care 
of  automatically.  The  latter  of  these  are  simply  connected  in  the 
line  in  a  convenient  place.  In  one  type,  the  appearance  and  con- 
struction of  which  is  shown  in  Fig.  89,  simply  opening  any  hot-water 
faucet  reduces  the  pressure,  and  the  gas  is  thereby  turned  on.     A  pilot 


Fig.  92.     "Instant aueous"  Heater  Connectea  to  Gas  Supply  Pipe.    Gasoline  is 

Sometimes  Used  instead  of  Gas. 

light  ignites  it,  and  the  supply  is  heated  as  fast  as  it  passes  through  the 
copper  coils  of  the  heater.  No  storage  capacity  is  required  by  this  form. 
In  another  form,  shown  in  Fig.  90,  the  heater  is  controlled  by  a  thermo- 
static valve  projecting  into  the  regular  reservoir  used  with  it.  When 
the  water  in  the  reservoir  is  heated  to  the  desired  temperature,  the 
gas  supply  is  reduced  or  cut  off.     A  section  of  this  heater  is  shown 
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in  Fig.  91.  It  consists  of  a  chamber  surrounded  by  an  outer  jacket 
witk  an  air-space  between.  Circulation  pipes,  through  which  thp 
water  passes,  are  hung  in  the  inner  chamber,  just  above  a  powerful 
gas-burner  placed  at  the  bottom  of  the  heater.  Drawing  water  from 
the  hot  faucets  lowers  the  temperature  in  the  reservoir  through  the 
cooling  influence  of  the  incoming  water,  and  the  thermostatic  prin- 
ciple is  again  made  to  serve  in  opening  the  gas-valve  until  the  water  is 
heated  to  the  desired  temperature. 

There  are  other  arrangements  consisting  essentially  of  an  encased 

copper  coil,  above  a  gas-burner,  connected 
to  a  standard  reservoir  at  top  and  bottom. 
In  these,  the  gas  is  turned  on  and  regu- 
lated by  hand  as  nearly  as  possible  to  suit 
the  needs. 

Instantaneous  water-heaters,  operated 
by  gas  or  gasoline,  and  placed  in  prox- 
imity to  the  fixtures  served,  as  shown  in 
Fig.  92,  so  as  to  deliver  the  heated  water 
directly,  are  in  general  use  where  local 
conditions  favor  them.  These  have  no 
storage  capacity.  A  sectional  view  of  Fig. 
92  is  shown  in  Fig.  93,  in  which  A  is  the 
gas-valve;  B,  the  water-valve;  D,  the  pilot 
light;  FF,  the  burners;  I,  a  conical  heating 
ring;  J,  a  disc  to  retard  and  spread  the 
rising  heat ;  7v ,  a  perforated  copper  screen ; 
and  L,  a  revolving  water  distributer.  In 
this  heater,  the  water  is  exposed  directly  to  the  heated  air  and  gases, 
in  addition  tc  its  passing  over  the  heated  surface  of  the  ring  /. 

Other  heaters  of  this  class  offer  admirable  means  for  the  water 
to  take  up  the  heat  generated -by  the  gas.  All  of  these  special  means 
of  heating  water — especially  those  not  conforming  to  the  plumber's 
regular  routine — are  best  understood  and  judged  by  a  close  study  of 
the  literature  supplied  by  the  makers. 

FILTERS 

Filters  are  of  two  classes.  One  class  is  designed  to  be  attached 
to  the  end  of  the  faucet  or  to  special  connection  for  drawing  directly 


Fig.  93.    Sectional  View  of  Gas 
Heater  Shown  in  Fig.  92. 
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for  use.  The  other  is  for  use  in  the  general  house  service,  and  filters 
all  the  water  that  passes  through  the  main  service  for  whatever  pup 
pose.  In  the  former  class,  sand,  free  stone,  or  unglazed  potter's  clay  is 
used  as  the  filtering  medium.  Ordinars*  fillings  become  foul  throusfh- 
out  the  mass,  and  require  cleansing  or  renewing.  The  clay  (unglazed 
porcelain)  of  which  the  Pasteur  filter  is  an  example,  permits  nothing 
to  enter  the  filtering  medium  that  the  pores  of  this  material  will  strip 
out.  With  such,  therefore,  it  is  necessary  only  to  remove  the  tubes  and 
cleanse  the  surface  with  which  the  unfiltered  water  comes  in  contact. 
Any  porous  filter  plate  depends  for  its  efiiciency  upon  the  minuteness 
of  the  pores  through  which  the  water  passes;  and  there  is  a  real 
danger  that  after  a  prolonged  period  of  use,  these  pores  may  become 
enlarged  by  wear  from  the  flowing  stream  to  a  size  sufficient  to  allow 
the  passage  of  bacteria  which  at  the  first  would  have  been  retained 
upon  the  surface  of  the  filter  plate.  Porous  clay  filters,  how^ever, 
are  exceedingly  slow  in  operation;  and  it  is  necessary  to  emplov  a 
multiplicity  of  tubes,  and  to  collect  the  filtered  w^ater  in  a  resenoir,  in 
order  to  be  able  to  get  enough  at  once  to  serve  ordinars'  cooking  needs. 
The  filters  are  supplied  with  as  many  tubes  as  desired,  together  with 
the  necessari^  resers'oir,  all  complete  excepting  connections  for  the 
water  pipe. 

Large  filters  for  serA'ice  interposition  depend  upon  animal  char- 
coal, beach  sand,  and  coagulating  processes — usually  the  last-men- 
tioned feature  in  conjunction  with  one  of  the  other  two.  A  sand 
filter,  for  instance,  will  be  made  to  favor  the  subsidence  of  foreign 
material  by  the  water  taking  an  upward  course  through  the  mass  of 
filling,  a  portion  of  the  water  being  passed  through  an  alum  chamber 
so  as  to  impregnate  the  supply  sufficient  to  coagidate  impurities  which 
sand  alone  would  allow  to  pass.  When  dissolved  and  carried  away, 
the  alum  must  be  replaced.  The  filling  is  discarded  and  new^  sand 
put  in  its  place  from  time  to  time;  and  periodic  cleansing  of  the  filling 
is  done  by  reversing  the  flow  of  water  and  flushing  out  through  a  waste 
connection  at  the  bottom.  The  means  of  thus  keeping  the  filter  in 
good  ferder  are  provided  for  in  its  construction,  in  a  way  to  make  the 
cleansinor  and  renewing  of  the  material  as  casv  and  convenient  as 


possible. 
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GAS  PIPING 

The  work  of  ])il)ing  for  gas  is  so  closely  allied  to  that  of  plumbing, 
since  iron  pipe  lias  come  into  general  use,  that  a  brief  notice  of  this 
branch  is  not  out  of  place  in  connection  with  matters  pertaining  to 
plumbing.  Coal  gas  is  only  about  one-half  the  specific  weight  of  air. 
The  weight  of  natural  gas  is  somewhat  less  than  that  of  coal  gas. 
The  distribution  of  pressures  Avhich  prevails  in  a  closed  system — the 
pressure  of  the  fluid  being  equal  at  every  point — should  not  be  lost 
sight  of  in  considering  the  ordinary  method  of  distributing  gas  over 
•a  city  or  through  a  building  in  closed  pipes.     Although  it  would  be 

MAIN  R/sER     ^^^^6  ^^^^  "^  '^'^  open  vessel  the 
SERv/cE  p/PE  t  pressure  of  illuminating  gas  would 

by  reason  of  its  low  specific  grav- 
ity be  greater  at  the  top  of  the 
vessel  than  at  the  bottom,  this  is 
not  the  case  in  a  closed  system  in 
which  a  fixed  pressure  is  main- 
tained. 

The  most  economical  pressure 
at  which  to  consume  gas  is  five- 
tenths  of  an  inch  water  pressure. 
As  no  town  is  strictly  level,  and  the 
friction  of  the  pipe  requires  some 
head  of  pressure  to  overcome  it, 
the  pressure  in  the  mains  is  car- 
ried above  the  point  at  which  the  best  results  are  obtained.  This  is 
generally  counteracted  by  not  turning  on  the  full  amount  at  the 
burner.  In  towns  varying  greatly  in  the  level  of  different  portions, 
it  is  economy  to  use  an  automatic  governor  to  reduce  the  pressure. 
This  is  true  of  exceedingly  tall  buildings,  too.  But  in  the  tall  building, 
one  governor  for  the  whole  is  not  enough ;  the  supply  to  the  upper 
floors  should  be  controlled  by  a  governor  situated  on  one  of  the  upper 
floors. 

Large  pipe  should  not  be  notched  into  joists  in  the  middle  of 
their  length;  it  weakens  the  joists.  All  pipes  should  be  laid  with  a 
decline,  toward  the  meter  when  possible,  otherwise  in  such  a  way  that 
they  will  drain  toward  a  fixture  or  drip.  The  meter  should  bc>  placed 
in  a  position  easily  accessible,  and  where  it  may  be  read  without  the 


Fig.  5)9.    "Dry"  Gas  Meter. 
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use  of  an  artificial  light.  It  is  connected  in  the  house  main  on  the 
street  side  of  the  first  branch.  A  dry  meter — the  kind  now  ahiiost 
universally  employed — is  shown  in  Fig.  09. 

Different  meters  vary  but  little  in  the  arrangement  of  the  dials. 
In  large  meters,  there  are  as  many  as  five  or  more  dials;  but  those 
used  for  dwelling  houses  usually  have  but  three.  Fig.  100  shows  the 
common  form  of  index  in  a  dry  meter.  The  small  index  hand  D,  on 
the  upper  dial,  is  not  taken  into  consideration  when  reading  the  meter, 
but  is  used  merely  for  testing.  The  three  dials,  which  record  the  con- 
sumption-of  gas,  are  marked  A,  B,  and  C;  and  in  each,  a  complete  rev- 
olution of  the  index  hand  denotes  1,000, 10,000,  and  100,000  cubic  feet, 
respectively.  The  index  hands  do  not  move  in  the  same  direction. 
When  the  hands  are  pointing  upward,  A  and  C  move.from  left  to  right, 


CUBIC 


100  TMOUSANO         rOTHOUSANO         I  THOUSAND 


Fig.  100.    Common  Form  of  Index  on  "Dry"  Gas  Meter.    Two  Readings  are  Shown. 

while  B  moves  in  the  opposite  direction.  Annex  two  cyphers  at  the 
right  of  the  figures  indicated  when  taking  the  statement  of  a  meter. 
The  left-hand  index  shown  in  Fig  100  reads  48,700.  Suppose,  after 
being  used  for  a  time,  the  hands  should  have  the  positions  shown  in 
the  right-hand  dial.  This  would  read  64,900;  and  the  amount  of 
gas  used  during  the  inter\'al  would  equal  the  difi^erence  in  the  readings: 
64,900  —  48,700  =  16,200  cubic  feet.  MSIeters  so  invariably  register 
in  favor  of  the  consumer  after  being  in  use  only  a  few  weeks,  that  the 
companies  are  by  law  permitted  to  set  them  3  per  cent  fast  when  new. 
The  route  chosen  for  gas  pipes  should  be  the  warmest  consistent 
with  convenience  and  economy.  Coal  gas  will  freeze — that  is,  the 
moisture  in  it  will,  in  severe  weather,  form  a  netw^ork  of  frost  that 
checks  or  stops  the  flow.  Coal  gas  and  natural  gas  are  practically 
fixed.  There  is  little  trouble  from  condensation,  even  from  coal  gas, 
after  it  reaches  the  residence.     There  is  sufficient  reason,  however,  to 
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incline  the  pipe  and  to  avoid  trapping  any  portion  so  that  it  will  not 
drain.  If  a  pipe  runs  through  a  cold  place,  a  drip  should  be  put  in 
at  some  convenient  point  where  it  can  be  emptied  if  necessary.  No 
offsets  should  be  made  in  a  way  to  favor  choking  the  pipe  by  the 
products  of  corrosion  falling  down  vertical  parts.  No  fixture  or 
bracket  opening  should  be  less  than  |-inch;  no  rising  main  less  than 
f-inch.  All  openings  for  fixtures  should  have  straight  threads,  and 
the  pipe  or  fittings  should  be  well  Secured,  perpendicular  to  the  wall 
passed  through,  so  that  they  will  not  wobble,  push  in,  or  pull  out. 
Ceiling  drops  should  be  cemented  in  the  joint  at  the  line,  so  that  they 
will  not  unscrew  when  the  cap  is  removed  or  a  fixture  taken  down. 

The  making  of  intelligent  working  diagrams  for  gas  or  water 
fitting,  is  not  difficult.  Though  important,  comparatively  few  have 
given  it  due  attention.  When  plans  are  accurate,  the  usual  work  of 
making  figures  to  show  what  length  the  pipes  are,  may  be  dispensed 

with    by    employing    self- 
measuring   ruled   sheets   in 
conjunction  with  the  method 
:icHECK     a       2        f  I  1^        of    diagramming    here  de- 

Fig,  loi.symbois  Used  in  Piping  Diagrams.  scribed.    Diagramming  sys- 

tematically and  with  all 
lines  approximately  proportional  in  length,  saves  time  in  distributing 
the  pipe.  There  is  no  wondering  whether  a  piece  runs  down  or  up, 
or  as  to  which  room  a  bracket  light  looks  into,  or  whether  a 
piece  of  pipe  belongs  in  a  horizontal  or  in  a  vertical  position.  A 
properly  made  diagram  indicates  these  points  clearly,  and  also 
what  pieces  belong  in  the  same  plane.  There  should  never  be  any 
confusion  as  to  which  pieces  have  been  cut  and  which  not,  when 
getting  out  the  pipe.  Symbols  can  be  made  to  show  what  pieces  have 
been  cut  and  what  size  they  are.  The  symbols  found  by  practice 
to  answer  this  purpose  best,  are  as  follows:  When  a  ^-inch  piece  is 
cut,  a  common'check  mark  is  put  beside  the  line  on  the  diagram,  show- 
ing that  it  is  I  inch  and  has  been  cut.  For  a  §-incli  piece,  a  short, 
straight  mark  like  the  letter  I,  placed  across  the  line,  is  used.  For 
a  ^-inch  piece,,  two  connected  marks  like  V  are  made  across  the 
line.  For  |-inch  pieces,  three  connected  marks,  like  the  capital  N, 
are  made  across  the  line.  For  1-inch  pieces,  four  connected  marks, 
like   the   capital   letter  M,  are   used  across  the  line.     For   l|-inch 
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pieces,  five  connected  marks,  like  the  capital  W  with  one  extra  leo-, 
are  used.  Each  short,  straight  mark  represents  a  quarter-inch  in  the 
diameter  of  the  pipe,  except  in  the  case  of  f-inch  pipe.  For  nipples 
that  are  too  short  to  put  the  symbols  on,  draw  a  waved  arrow  from 
the  nipple,  and  put  the  symbol  upon  it.  Fig.  101  shows  the  symbols 
described,  with  corresponding  sizes   of  pipe  marked  beneath  them. 

In  reading  plans  of  buildings',  it  is  usual  to  have  the  front  of 
the  building,  as  represented  by  the  plans,  next  to  the  person.  Plans 
represent  horizontal  sections  at  the  elevations  designated;  while 
elevations  show  the  altitude  of  one  floor  above  the  other,  etc.  The 
plans  of  the  different  floors  of  a  building  are  usually  drawn  side  by 
side,  with  the  outside  face  of  the  front  wall-on  a  line.  By  this  means, 
a  straight  edge  laid  across  the  plans  from  side  to  side,  will  show  which 
partitions  are  in  line  with  one  another.  One  can  judge  with 'the  eye, 
on  the  cross-partitions,  accurately  enough  to  give  a  good  idea  of  the 
relative  position  of  the  rooms  on  different  floors,  one  way;  but  to  locate 
the  partitions  running  from  front  to  back,  it  is  necessary  to  measure 
from  the  wall  on  the  plans  of  the  different  floors.  House  plans  are 
almost  always  drawn  to  |-inch  scale.  In  gasfitting  diagrams,  all 
sizes  of  pipe  are  represented  by  single  or  skeleton  lines,  because  the 
pipes  are  small. 

Now,  assuming  the  plans  to  be  marked  for  gas,  center  the  rooms, 
and  chalk  all  wall  openings.  Then  proceed  to  diagram  the  lines 
representing  the  pipe,  making  them  as  nearly  proportional  to  the 
length  of  pipe  as  can  easily  be  done  with  pocket-rule  and  pencil,  say 
to  ^-inch  scale. 

Represent  all  vertical  pipes  by  diagonal  lines  parallel  to  one 
another,  whether  they  be  bracket  pipes,  risers,  or  offsets  in  the  line. 
Never  represent  a  horizontal  pipe  by  a  diagonal  line.  Every  vertical 
pipe  which  falls  helow  the  horizontal  pipe  to  which  it  is  connected, 
should  be  drawn  toward  the  front  of  the  plan  at  an  angle  of  45  degrees 
to  the  left.  Every  vertical  pipe  which  rises  above  the  horizontal  pip5 
to  which  it  is  connected,  should  be  drawn  away  from  the  front  of  the 
plan,  at  an  angle  of  45  degrees  to  the  right.  Represent  all  horizontal 
pipes  by  parallel  lines  perpendicular  either  to  front  or  to  side  wall. 
"When  the  run  of  pipe  is  from  front  to  back,  the  parallel  lines  should  be 
perpendicular  to  the  front  wall  of  the  building.  When  the  run  is 
from  side  to  side,  the  parallel  lines  should  be  perpendicular  to  the  side 
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wall  of  the  building.  Any  line  in  the  diagram  that  is  perpendicular 
to  any  other  line  of  the  diagram  may  then  be  taken  to  represent  a 
horizontal  pipe.  Any  number  of  lines  representing  horizontal  pipe 
and  all  joined  together,  are  thus  indicated  to  be  in  the  same  horizontal 
plane.  Any  single  line  or  system  of  lines  representing  horizontal  pipe, 
but  separated  from  the  others  by  a  diagonal  line,  is   therefore  in  a 

different  horizontal 
plane.  Forin- 
stance,  the  second- 
floor  riser,  10  feet 
3  i  n  c  h  e  s  long, 
shown  in  the  dia- 
gram, Fig.  102,  con- 
nects the  horizontal 
pipe  under  the  sec- 
-  ond  floor  with  that 
imder  the  third 
floor.  These  pipes 
are  in  different 
planes,  one  set  be- 
ing 10  feet  3  inches 
above  the  other. 

There  is  one  ex- 
ception to  the  rule 
concerningd  iagonul 
lines.  Several  feet 
of  pipe  can  often 
be  saved  by  cutting 
across,  instead  of 
making  an  angle 
with,  the  pipe.  To'  do  this  without  danger  of  confusing  one  as  to 
whether  the  diagonal  piece  is  intended  for  vertical  pipe  or  for  a  di- 
agonal piece  in  the  horizontal  plane,  make  such  lines  dotted  instead 
of  solid,  as  diown  at  C,  Fig.  102. 

To  indicate  the  direction  in  which  bracket  openings  look,  by  the 
way  in  which  they  are  drawn,  eight  skeleton  diagrams  of  bracket  pipes, 
showing  how  the  direction  of  bracket  openings  would  be  indicated 
for  the  four  walls  of  a  scjuare  room,  are  shown  in  Fig.  103.   A ,  B,  C,  and 


Fig.  103.    Diagram  of  Gaspipe  Lines. 
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D  show  that  the  pipes  are  vertical  and  run  up  from  the  floor  below, 
A  looking  into  the  room  from  the  front  wall,  B  from  the  rear,  C  from 
the  left  side  wall,  and  D  from  the  right  side  wall.  In  accordance 
with  plan  drawing,  the  short  lines  representing  the  ears  and  nozzle 
of  the  drop-ells  are  made  in  plan  position  with  dots  at  the  entls  to 
represent  caps.  The  ears  of  the  fitting,  drawn  in  front  of  the  out- 
let, show  that  the  fitting  looks  to  the  rear;  ears  behind  the  outlet 
show  that  it  looks  to  the  front;  at  the  left  of  it,  that  it  looks  to  the 
right;  and  to  the  right  of  it,  that  the  fitting  looks  to  the  left. 

A\  B\  C\  and  B^  show  fittings  that  look  in  the  same  direction 
as  those  shown  by  A,  B,  C,  D  of  the  same  figure,  but  are  on  pipes  that 
nm  do^m  from  the  horizontal  pipe.  By  var^-ing  the  positions  of  the 
marks  representing  the 
drop  fittings  to  suit, 
tlie  diagram  can  be 
made  to  indicate  open- 
ings pointing  in  any 
direction  desired. 

All  large  risers 
should  be  exposed  to 
view;  and  it  is  desir- 
able to  keep  all  piping 

^  1   1      o  pjg  ^Q3_    Skeleton  Diagrams  of  Bracket  Pipes. 

accessible    as    far    as 

possible,  so  that  it  may  be  easily  reached  for  repairs  if  necessary. 
\Vhen  it  is  necessary  to  trap  a  pipe,  a  drip  with  a  drain-cock  must 
be  put  in ;  but  this  should  always  be  avoided  under  floors  or  in  other 
inaccessible  places.  "Where  possible,  it  is  better  to  carry  up  a  main 
riser  near  the. center  of  the  building,  as  the  distributing  pipes  will 
then  average  smaller,  the  timbers  will  not  require  so  much  cutting, 
and  the  flow  of  gas  will  be  more  uniform  throughout. 

Unless  otherwise  directed,  outlets  for  brackets  should  be  placed 
5^  feet  from  the  floor,  except  in  the  case  of  hallways  and  bathrooms, 
where  it  is  customary  to  place  them  6  feet  or  more  from  the  floor. 
Upright  pipes  should  be  plumb,  so  that  nipples  which  project  through 
the  walls  will  be  level;  the  nipples  should  not  project  more  than  f 
inch  from  the  face  of  the  plastering.  Laths  and  plaster  together 
are  usually  about  f  inch  thick,  so   that  the  nipples   should  project 


about  I 


inches  from  the  face  of  the  studding. 


Drop-  or  side-ells  are 
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used  where  possible  for  bracket  openings.  Gas  pipes  should  never 
be  placed  on  the  bottom  of  f^oor  timbers  that  are  to  be  lathed  and 
plastered,  because  they  are  inaccessible  in  case  of  leakage  or  altera- 
tions.    Fig.  104  illustrates  some  lines  of   gaspipe  in  a  frame  build- 


Fig.  104.    Lines  of  Gcaspipe  in  Frame  Building,]  Showing  How  Pipes  are 

Secured  in  Place. 

ing,  from  which  may  be  gleaned  graphic  ideas  of  how  to  fasten  pipe 
securely  in  place. 

Coal  gas,  and  natural  gas  of  some  locations,  has  a  strong  odor 
that  betrays  leakage.  Some  natural  gas  is  devoid  of  odor,  in  which 
case  leakage  is  very  dangerous,  as  there  is  no  way  (|uickly  to  detect 
its  presence.  For  natural  gas  work,  10  pounds'  air-pressure  should 
fail  to  develop  the  slightest  leak  in  the  pipe,  although  the  street  pres- 
sure is  usually  even  less  than  eight  ounces.  For  lighting  gas,  the  street 
pressure  is  seldom  over  18  tenths  water-pressure,  and  a  5-pound  test 
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is  ample.  These  tests  should  be  made  with  a  mercury  gauge,  2  inches 
height  of  column  being  considered  as  one  pound  pressure.  A  job 
may  be  considered  tight  when  tlie  mercury  column  not  only  does  not 
drop,  but  does  not  even  get  flat  at  the  top  in  from  fifteen  to  twenty 
minutes'  trial. 

Every  gas  company  has  rules  as  to  the  number  of  lights  allowed 
to  be  supplied  from  each  size  pipe,  and  the  relative  lengths  of  pipe 
permitted  of  each  size.  The  following  table  gives  sizes  of  gas  pipes 
for  different  numbers  of  burners  and  lengths  of  runs,  as  usually 
installed : 

TABLE  IV 
Maximum  Run  and  Number  of  Burners  for  Gas  Pipes 


Greatest  Number 

G 

REATEST 

Length 

OF  Burxers  to 

Size  of  Pipe 

OF  Rux 

,  Feet 

BE  Supplied 

4    inch 

20  feet 

2 

i      " 

30 

" 

4 

f      '■■ 

50 

15 

1       " 

70 

25 

1\  inches 

100 

40 

U     " 

150 

70 

2 

200 

140 

2h     " 

300 

225 

3 

400 

300 

4       " 

500 

500 

No  restrictions  are  obser\'ed  in  selecting  fixtures  for  coal  or 
natural  gas.  Coal  gas  carries  enough  carbon  with  it  to  produce  a 
lighting  flame  when  burned  at  the  ordinary  flame  temperature.  When 
the  jet  is  lighted,  the  hydrogen  is  consumed  in  the  lower  part  of  the 
flame,  producing  suflScient  heat  to  render  incandescent  the  minute 
particles  of  carbon  carried  by  it.  The  hydrogen,  in  the  process  of 
combustion,  combines  with  the  oxygen  of  the  air,  forming  an  invisible 
vapor  of.  water,  while  the  carbon  unites  with  the  oxygen,  forming 
carbonic  acid,  or  is  set  free  as  soot. 

Various  causes  tend  to  render  combustion  incomplete.  There 
may  be  excessive  pressure  of  gas,  lack  of  air,  or  defective  burners. 
An  excess  of  pressure  at  the  burners  causes  a  reduction  of  the  amount 
of  illumination ;  on  the  other  hand,  if  the  pressure  is  insufficient,  the  heat 
of  the  flame  will  not  raise  the  carbon  to  a  white  heat,  and  the  result  will 
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be  a  smoky  flame.     It  tlierefore  follows  that  for  every  burner  there  is 
a  certain  pressure  (usually  -^\  of  an  inch  water-pressure  before  men- 


Fig.  105.    Single- 
Jet  Uuruer. 


Fig.  lOfi.    Bill's- Wing 
or  Slit  Buruei". 


Fig.  107.    Union-Jet  or 
Fish-Tail  Burner. 


tioned)  and  a  certain  corresponding  flow  of  gas,  which  will  cause  the 
brightest  illumination. 


Fig.  108.    Vertical  Section  of 
Uniou-Jet  Burner. 


Fig.  109.    Argand 
Burner. 


Fig.  110.    Lava  Tip  for 
Bat's- Wing  Burner. 


There  are  a  great  variety  of  burners  upon  the  market,  among 
which  the  single-jet,  bat's-wing,  fish-tail,  Argand,  regenerative,  and 
incandescent  burners  are  the  principal  types. 


Fig.  111.     Gas  Burner  with 

Globe  and  Incandescent 

Mantle. 


Fig.  112.    Mantle  Burner 

with  Chimney  and 

Shade. 


The  single-jet  burner.  Fig.  105,  is  the  simplest  kind,  having  but 
one  small  hole  from  which  the  gas  issues.  It  is  suitable  only  where 
a  very  small  flame  is  recjuired. 
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The  bat's-u'ing  or  slit  burner,  Fig.  106,  has  a  hemispherical  tip 
with  a  narrow  vertical  slit  from  which  the  gas  spreads  out  in  a  thin, 
flat  sheet,  giving  a  wide  and  rather  low  flame  resembling  in  shape  the 
wing  of  a  bat,  from  which  it  is  named. 

The  nnion-jct  or  fish-tail  burner.  Fig.  107,  consists  of  a  flat  tip 
slightly  depressed  or  concaved  in  the  center,  with  two  small  holes 
drilled,  as  shown  in  Fig.  108.  Two  jets  of  equal  size  issue  from 
these  holes,  and,  by  impinging  upon  each  other,  produce,  at  right 
angles  to  the  alignment  of  the  holes,  a  flat  flame  longer  and  narrower 
in  shape  than  the  bat's-wing,  and  not  unlike  the  tail  of  a  fish.  Neither 
of  these  burners  requires  a  chimney,  but  the  flames  are  usually  encased 
with  glass  globes.  They  are  not  'well  suited  for  use  with  globes, 
however,  since  when  one  of  the  jets  becomes 
choked,  as  it  frequently  does,  the  other  is  likely  to 
crack  the  glass. 

The  Argand  burner.  Fig.  109,  consists  of  a 
hollow  ring  of  metal  or  lava,  connected  with  the 
gas  tube,  and  perforated  on  its  upper  surface 
with  a  series  of  fine  holes,  from  whiqh  the  gas  is- 
sues, forming  a  round  flame.  This  burner  re- 
quires a  glass  or  mica  chimney.  As  an  intense 
heat  of  combustion  tends  to  increase  the  brilliancy 
of  the  flame,  it  is  desirable  that  the  burner  tips 
shall  be  of  a  material  that  will  cool  the  flame  as 
little  as  possible.  On  this  account,  metal  tips 
are  inferior  to  those  made  of  some  non-conduct- 
ing material,  such  as  lava,  adamant,  enamel,  etc. 
]Metal  tips  are  also  objectionable  because  they  cor-  ^^°-  "nurner?^"^^'^ 
rode  rapidly,  and  thus  obstruct  the  passage  of  the 
gas.  Fig.  110  shows  a  lava  tip  for  a  bat's-wing  burner.  Burner  tips 
should  be  cleaned  occasionallv,  but  care  should  be  taken  not  to  enlarge 
the  holes. 

By  introducing  the  Bunsen  principle,  incandescent  burners  give 
good  sen'ice  with  coal  gas.  In  the  incandescent  burner,  the  heat 
of  the  flame  is  applied  in  raising  to  incandescence  some  foreign  mater- 
ial, such  as  a  basket  of  magnesium  or  platinum  wires,  or  a  funnel- 
shaped  asbestos  wick,  or  a  mantle  treated  with  sulphate  of  zir- 
conium and  other  chemical  compounds.      A  burner  of  this   kind 
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is  shown  in  Fig.  Ill,  in  which  the  mantle  can  be  seen  supported  over 
the  gas  flame  by  a  wire  at  the  side.     Fig.  112  shows  another  form 


I'Mk.  in.    ( las  Hurnei' f<u' Brazing.  Fig.  115.    Single  Gas-Cock 

with  Stop-Piu. 

of  this  l)urner,  in  which  a  chimney  and  shade  are  used  in  place  of  a 


Fig.  116.  DoubleUa-s  Cock  with  Stop-Pins.  Fig.  117.      Elbow   Gas-Cocli    with 

Stoi)-Pin. 

globe.     Burners  of  tliis  kind  give  a  very  brilliant  white  light  when 


Fig.  118.    Common  Form  of  Gas-Bracltet.     Fig.  119.    Two-Swing  Extension  Gas-Bracket. 

Used  with  natural  or  water  gas.     Natural  gases  and  the  so-calleil 
water  gas  are  deficient  in  carbon ;  and,  when  they  are  used  for  lighting 
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purposes,  the  light  is  produced  by  a  burner  with  a  mantle  brought  to 
a  state  of  incandescence  by  the  heat  of  the  flame.  The  mantle, 
however,  is  very  fragile,  and  is  likely  to  lose  its  property  of  incan- 
descence when  exposed  to  an  atmosphere  containing  much  dust. 

The  Biinscn  burner,  shown  in  Fig.  113,  is  a  form  much  used  for 
laboratory  work.  It  burns  with  a  bluish  flame,  and  gives  an  intense 
heat  without  smoke  or  soot.  The  gas,  before  ignition,  is  mixed  with 
a  certain  quantity  of  air,  the  pro- 
portions of  gas  and  air  being  regu- 
lated by  the  thumb-screw  at  the 
bottom,  and  by  screwing  the  outer 
tube  up  or  down,  thus  admitting  a 
greater  or  less  quantity  of  air  at  the 
openings  indicated  by  the  arrows. 
.This  same  principle  is  utilized  in  a 
burner  for  brazing,  the  general  form 
of  which  is  shown  in  Fi"-.  114.  A 
flame  of  this  kind  will  easily  melt 
brass  in  the  open  air. 

It  is  of  great  importance  that 
gas  keys  on  fixtures  should  be  per- 
fectly tight.  It  is  rare  to  find  a 
house  piped  for  gas  where  the 
pressure  test  could  be  successfullv 
applied  without  first  removing  the 
fixtures,  as  the  joints  of  folding 
brackets,  extension  pendants,  stop- 
cocks, etc.,  are  usually  found  to  leak 
more  than  the  piping.  The  old- 
fashioned  all-around  cock  without  check-pin  should  never  be  allowed 
under  any  conditions;  only  those  provided  with  stop-pins  are  safe. 
Various  forms  of  cocks  with  stop-pins  are  shown  in  Figs.  11.5,  116, 
and  117.  All  key  joints  should  be  examined  and  tightened  up 
occasionally  to  prevent  them  becoming    seriously  loose  and  leaky. 

Poor  illumination  is  frequently  caused  by  ill-designed  or  poorly 
constructed  brackets  or  gasoliers.  Gas  fixtures,  almost  without 
exception,  are  designed  solely  from  an  artistic  standpoint,  without  due 
regard  to  the  proper  conditions  for  obtaining  the  best  illumination. 


Fig.   120. 


Plain  Type   of   Two-Burner 
Gaselier. 
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Fixtures  having  too  many  scrolls  or  spirals  may,  in  the  case  of  imper- 
fectly purified  gas,  accumulate  a  large  amount  of  a  tarry  deposit, 
which,  in  time,  hardens  and   obstructs  the  passages.     Another  fault 


Fig.  121.    Ornamental  Type  of  Two-Burner  Gasolier. 


Fig.  123.    Gasolier  for  Hall 
or  Corridor. 


is  the  use  of  very  small  tubing  for  the  fixtures.  Common  forms  of 
brackets  are  shown  in  Figs.  118  and  119,  the  latter  being  a  two-swing 
extension  bracket. 

There  are  an  endless  variety  of  gasoliers  used,  depending  upon 

the   kind    of   building,   the 

finish  of  the  room,  and  the 

number  of  lights  required. 

Figs.  120, 121,  and  122  show 

common  forms  for  dwelling 

houses  the  type   shown  in 

Fig.  122  being  used  for  halls 

and  corridors. 

Next  to  the  burner,  the  shape  of  the  globe  or  shade  surrounding 

the  flame  affects  the  illuminating  power  of   the  light.     In  order  to 

obtain  the  best  results,  the  flow  of  air  to  the  flame  must  be  steady  and 


Fig,  123.    Simple  Form  of  Gas  Plate  with  Three 
Burners. 
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uniform.  Where  the  air  supply  is  insufficient,  the  flame  is  likely  to 
smoke;  on  the  other  hand,  too  strong  a  current  of  air  causes  the  light 
to  flicker  and  become  dim 
through  cooling. 

Globes  with  open- 
ings too  small  at  the 
bottom,  should  not  be 
used.  Four  inches  at 
the  bottom  should  be  the 
smallest  opening  used  for 
an  ordinary'  size  burner. 
All  glass  globes  absorb 
more  or  less  light,  the 
loss  vaiying  from  10  per 
cent  for  clear  glass,  to  70 

per  cent  or  more  for  opal,     Fig.  124.    Gas  Range  for  Family  Use,  with  Ovens  and 
1  ,  ,  Water-Heater. 

ground,    colored,    or 

painted  globes.  Clear  glass  is  therefore  much  more  economical, 
although,  where  softness  of  light  is  especially  desired,  the  use  of  opal 
or  ground  globes  is  made  necessaiy. 

Cooking  as  well  as  heating  by  gas  is  now  very  common,  and  there 

are  a  great  variety  of  appli- 
ances for  the  use  of  gas  in  this 
way.  Cooking  by  gas  is  not 
more  expensive,  and  is  less 
troublesome,  than  by  coal,  oil, 
or  wood.  It  is  also  more 
healthful,  on  account  of  the  ab- 
sence of  waste  heat,  smoke,  and  dUst.  A  gas  range  is  always  ready 
for  use,  and  is  instantly  lighted  by  applying  a  match  to  the  burner. 
The  fiBe,  when  kindled,  is  at  once  capable  of  doing  its  full  work;  it 
is  easily  regulated,  and  can  be  shut  off  the  moment  one  is  through 


Fig.  1-25.    Griddle  Burner  for  Gas  Range. 


Fig.  liO.    Oven  Burner  for  Gas  Kauge. 

with  it,  so  that,  if  properly  managed,  there  is  no  waste  as  is  the 
case  with  other  fuel.  With  gas,  the  kitchen  can  be  kept  compar- 
atively cool  and  comfortable  in  summer. 
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Gas  stoves  are  made  in  all  sizes,  from  the  simple  form  shown  in 
Fig.  123,  to.  the  most  elaborofte  range  for  hotel  use.     A  range  for 

family  use,  "with  ovens  and  water- 
heater,  is  shown  in  Fig.  124,  Figs. 
125  and  126  show  the  forms  of 
burners  used  for  cooking,  the  former 
being  a  griddle  burner,  and  the 
latter  an  oven  burner. 

A  broiler  is  shown  in  Fig.  127; 
the  sides  are  lined  with  asbestos, 
and  the  gas  is  introduced  through 
a  large  number  of  small  openings. 
The  asbestos  becomes  heated,  and 
the  effect  is  about  the  same  as  a 
charcoal  fire  upon  both  sides. 

Gas  as  a  fuel  has  not  been  used  to 
any  great  extent   for   the  warming 


Fig.  127.    Gas  Broiler,  Asbestos-Lined. 


Fip.  128.    rommon  Form  of  Port- 
able Heater,  Connected  by  Rub- 
ber Tubing  to  Gas-Jet. 


Fig.  129.    Gas  Radiator. 


of  whole  buildings,'its  application  being  usually  confined  to  the  heating 
of  single  rooms.     Unlike  cooking  by  gas,  a  gas  fire  for  heating  is  not 
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so  cheap  as  a  coal  fire  when  kept  burning  constantly.  In  other  ways 
it  is  effective  and  convenient.  It  is  especially  adapted  to  the  warming 
of  small  apartments  and  single  rooms  where  heat  is  wanted  only 
occasionally  and  for  brief  periods  of  time.  In  the  case  of  bedrooms, 
bathrooms,  or  dressing-rooms,  a  gas  fire  is  preferable  to  other  modes  of 
warming,  and  is  fully  as  economical.     It  may  be  used  on  cold  winter 


Fig.  131.    Asbestos  Incandescent  Grate, 


Fig.    130.      Section    of    Gas 
Radiator  of  Fig.  129,  Show- 
ing Flue  to  Connect 
to  Chimney. 


Fig.  133. 


Gas  Log  of  Metal  or  Terra-Cotta  and 
Asbestos. 


days  as  a  supplementary  source  of  heat  in  houses  heated  by  stoves  or 
by  furnaces.  Again,  a  gas  fire  may  be  used  as  a  substitute  for  the 
regular  heating  apparatus  in  a  house,  in  the  spring  or  fall,  when  the 
fire  in  the  furnace  or  boiler  has  not  yet  been  started.  It  is  often 
employed  as  the  only  means  for  heating  smaller  bedrooms,  guest 
rooms,  and  bathrooms,  and  for  temporary  heating  in  summer  hotels 
where  fires  are  required  only  on  occasional  cold  days.     Any  £on- 
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sidcrable  use  of  gas  for  heating  necessitates  the  use  of  evaporators  to 
maintain  the  normal  humidity  of  the  air. 

The  most  common  form  of  heater  is  that  shown  in  Fig.  128. 
This  is  easily  carried  from  room  to  room,  and  may  be  connected  with  a 
gas-jet  by  means  of  rubber  tubing,  after  removing  the  tip.  The 
heater  is  merely  a  large  burner  surrounded  by  a  sheet-iron  jacket. 
Another  and  more  powerful  gas  heater  is  the  radiator,  sho\sii  in  Fig. 
120.  This  is  fitted  with  a  flue  to  conduct  the  products  of  combustion 
into  the  chimney,  as  shown  in  the  section,  Fig.  130.  Each  section 
of  the  radiator  consists  of  an  outer  and  an  inner  tube,  with  the  gas 
flame  between  the  two.  This  space  is  connected  with  the  flue,  while 
the  air  to  be  heated  is  drawn  up  through  the  inner  tube,  as  shown  by 
the  arrows. 

Fig.  131  shows  an  asbestos  incandescent  grate;  and  Fig.  132,  a 
gas  log  of  metal  or  terra-cotta  and  asbestos,  made  in  imitation  of  a 
wood  log  or  heap  of  logs.  The  gas  issues  through  small  openings  in 
the  logs,  and  gives  the  appearance  of  an  open  wood  fire. 

Ftiel  gas  or  water  gas,  largely  made  to  supplement  failing  supplies 
of  natural  gas,  is  used  for  lighting  in  the  same  manner  as  natural  gas. 
It  is,  in  fact,  but  an  impure  commercial  hydrogen  made  by  injecting 
steam  into  hot  coke.  The  oxygen  of  the  steam  combines  with  the 
Carbon  of  the  coke,  and  sets  free  the  hydrogen,  which  is  collected 
in  a  gasometer,  ready  for  the  distributing  pipes.  The  prime  use  of  this 
and  of  natural  gases  is  for  heating;  but,  by  purifying  it  and  supple- 
menting it  with  carbon  by  incorporating  with  it  vapors  of  petroleum, 
fuel  gas  makes  rich  and  quite  stable  lighting  gas. 
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THE  HOUSE  DRAINAGE  SYSTEM 

Assuming  that  the  method  of  disposing  of  sewage  and  drainage 
is  decided  upon,  the  problem  of  how  to  pipe  the  house  safely  may  be 
considered  as  presenting  about  the  same  conditions,  whether  the  house 
drain  enters  a  branch  from  the  city  sewer  or  terminates  in  some  other 
means  of  disposal. 

Granted  that  sewer  air  is  a  thing  to  be  guarded  against,  the  safest 
plan  is  to  pursue  that  course  which  offers  the  surest  means  of  keeping 
the  house  free  of  it.  We  know  that  through  contamination  of  water 
supply  by  filtration  from  vaults,  etc.,  the  human  system  may  suffer 
pollution,  and  may  develop  specific  disease  of  a  serious,  even  fatal 
nature.  It  is  no  less  certain  that  polluted  air  will  affect  the  lungs 
similarly,  according  to  the  nature  of  the  pollution.  On  this  ground, 
notwithstanding  any  argument  to  the  contrary,  we  should  proceed,  to 
exclude  sewer  air  entirely,  and  to  make  the  air  of  the  house  drain-pipes 
as  pure  as  possible. 

It  must  be  remembered  that  where  a  whole  system  of  plumbing  i 
designed  with  certain  ends  in  view,  and  all  the  details  worked  out 
accordingly,  a  house  system  may  be  satisfactory  which  under  slig'-t 
disturbance  of  conditions  would  be  abominable.  Therefore  no 
departure  from  a  certain  means  of  positively  accomplishing  a  desired 
result  should  be  accepted  without  unanimous  endorsement  of  those 
in  position  to  know  what  is  safe.  People,  however,  have  been  at  all 
times  too  ready  to  accept  any  plan  that  promised  the  immediate 
saving  of  a  dollar.  Certain  plumbing  accessories  may  be  admirably 
adapted  to  use  in  one  place,  yet  wholly  unfit  for  service  in  another; 
but  the  makers  cannot  be  expected  to  discriminate;  they  are  prej- 
udiced, and  are  not  on  the  ground.  It  is  the  business  of  the  public, 
through  architects  and  plumbers,  to  select  suitable  means  to  the  end. 

With  the  fresh-air  inlet  and  proper  installation   throughout  the 
building,  an  iatercepting  trap  is  likely  to  exclude  sewer  air  from  the 
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house,  and  to  keep  the  drains  in  the  house  filled  with  fresh  air  from  the 
open  atmosphere  (see  page  117).  With  these  conditions,  a  possible 
leaky  joint  or  defective  trap  can  permit  only  comparatively  pure  air 

to  enter  from  the 
pipe.  The  inter- 
cepting trap  being 
in  the  main  line, 
all  water  from  the 
house  passes 
through  it,  insuring 
the  water  seal  being 
maintained.  The 
foul-air  outlet  ven- 
tilates the  sewer 
much  as  would  the 
omitted,    because    in     it     there 


Pig.  143.    Intercepting  Trap  In  Cellar, 


house  lines  if  .the  trap  were 
is  never  any  contrary  rush  of  air  or  water,  both  of  which  would 
check  or  reverse  the  current,  and  the  latter  of  which  reduces  the 
area  of  the  pipe,  even  though  it  be  assumed  that  no  further  inter- 
ference occurs  through  discharge  from  fixtures.  The  trap  may  be 
in  the  yard  or  within  the  house  walls,  according  to  circumstances. 
Fig.  142  shows  an  intercepting 
trap  in  the  cellar, with  its  fresh-air 
inlet  terminating  above  the 
snow-level.  Many  jobs  were 
formerly  piped  in  a  way  per- 
mitting soil  air  to  puff  out 
through  the  inlet.  Fig.  143 
shows  a  .  plan  that  'has  been 
resorted  to  with  the  idea  of  car- 
rying such  discharges  to  a  safe 
height  without  interfering  with 
the  normal  action  of  the  fresh- 
air  inlet.  It  is  merely  a  rising 
line  with  an  inverted  funnel  over 
the  open  end  of  the  inlet,  which 
incidentally  protects  the  air-pipe  from  lodgment  of  foreign 
matter.     The  foul-air  outlet  should  not  terminate  near  a  window  or 


Pig.  143.    Simple  Device  for  Carrying  Away 
to  a  Safe  Height  Soil  Air  that  may  be 
Puffed  from  Fresh- Air  Inlet. 
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Fig.  144.    Foul- Air  Outlet  from  Intercept 
iug  Trap  Curried  to  Roof. 


door,  nor  be  too  close  to  the  fresh-air  inlet  opening.  It  should  be 
located  so  that  it  will  be  free  of  chance  obstruction,  and  above  the 
level  of  winter  ice  and  snow,  even  though  it  has  to  be  piped  to  above 
the  roof-level  as  indicated  in  Fig.  144,  in  which  A  is  a  cone  strainer 

with  solid  top,  and  T  the  main  inter- 
cepting trap.  The  direct  line  of 
foul-air  pipe  to  roof,  and  the  dis- 
tance between  the  trap  and  fresh-air 
inlet  grating,  provide  every  requisite 
possible  to  this  part  of  the  house 
drainage,  whether  a  loop  stack, 
spoken  of  on  another,  page,  is  em- 
ployed or  not. 

A  very  good  plan  of  terminating 
air  inlet  and  outlet  pipes  in 
situations  exposed  to  tlie  entrance 
o  f  obstacles,  is  to  use  a  single  or 
double  hub  return  bend  above  snow-level,  as  shown  in  Fig.  145.  In 
this  way,  nothing  can  fall 'in  by  accident;  sleet  from  any  direction 
cannot  choke  the  openings;  nor  are  children  likely  to  fill  the  pipe. 
Fig.  14G  illustrates  a  galvanized-wire  guard  placed  in  the  hub; 
such  a  guard  is  generally  used  on  conductor  pipe,  but  is  equally  suited 
to  the  protection  of  soil  and  vent  lines  in  mild  climates.  In  Northern 
localities,  the  regular  cast  hood  and 
thimble  made  for  the  purpose  are 
better.  The  area  of  the  openings 
of  'the  strainer  sliould  aggregate 
at^  least  12  square  inches  for  pipe  ^ft^^<^l%\.\^^\\^^^\\^ 
4-inch    or    less;    and    Avhere    frost 

♦,.^.,1^1     •„  f  „«    1    +1        4.     •  I        11    Fig.  115.  Return  nend  Used  to  Terminate 

trouble  is  teared,  the  strainer  should  Air  mict  or  outlet  pipe. 

be  recessed  several  inches  so  that 

the  frost  will  have  to  close  the  open  end  of  the  pipe  instead  of   the 

grating. 

The  foul-air  pipe  should  not  have  abrupt  offsets  at  any  point. 
The  lodgment  of  foreign  matter  therein  would  be  possible,  and  the 
function  of  the  pipe  perhaps  thus  impaired.  This  pipe  not  only 
ventilates  the  sewer,  but  offers  egress  for  air  when  storm  water  is 
crowding  the  sewer,  and  at  other  times  when    air-pressure  Avould 
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otherwise  drive  the  seal  of  the  trap  toward  the  house,  enough  ulti- 
mately, in  some  cases,  to  lose  the  seal  by  waving  out  when  the  pressure 
is  relieved. 

AMien  a  trap  loses  its  seal  by  waving  out,  the  water,  in  flowing 
back  to  its  normal  position,  gains  momentum  enough  to  throw  some 
of  it  over  the  weir,  and  the  balance  is  not  enough  to  seal  the  trap. 
Waving  out  is  always  caused,  first,  by  air-pressure  on 
the   sewer   side,   and    then    by   gravity    acting    as 
described. 

The  operation  of  the  fresh-air  inlet  depends  on 
air  from  tlie  open  entering  the  house  drain  near  the 
trap  and  filling  the  house  system,  passing  out  through 
the  vent  pipe  above  the  roof.  The  inlet  should  be 
as  large  as  the  house  sewer,  which  should  never  be  less 
than  4  inches  diameter,  usually  5  inches.  The  same 
precautions  taken  against  snow  and  ice  and  other 
obstructions  to  the  foul-air  outlet,  are  necessary  to 
the  fresh-air  inlet.  The  difference  in  level  of  the 
inlet  and  the  exit,  together  with  the  warmth  of  the 
building,    causes    an    upward  current  through  the    Gaivanfzedwire 

.IT,,,.,.  ,  ,        Guard  at  End 

stack.     J^jven  the  takmg  a  more  exposed  course  and  of  pipe. 

stopping  at   an   elevation   inferior  to  the  outlet  of 
the  soil-pipe  extension,  when  necessary  to  carry  the  inlet  to  the  roof, 
will  usually  insure  a  draft. 

Objection  is  often  rais'ed  against  the  fresh-air  inlet,  for  the  reason 
that  puffs  of  foul  air  are  thrown  out  when  fixtures  are  discharged. 
This. is  easily  possible,  but  mainly  the  result  of  faulty  installation. 
One  feature  of  plumbing  is  no  more  likely  to  be  satisfactory  than 
another  where  ignorance  prevails,  or  when  merely  the  simple  letter 
instead  of  the  spirit  of  ordinary  specifications  is  lived  up  to.  House 
main  lines  of  the  same  size  as  soil-stacks  (4-inch)  will  cause  puffs  of 
air  from  the  fresh-air  inlet  if  the  horizontal  run  and  the  inlet  branch 
are  both  short.  It  is  well  to  remember  that  the  air  so  puffed  out  is 
not  sewer  air.  It  is  air  which  has  just  entered  the  house  system  from 
the  open.  And,  if  the  fresh-air  branch  is  of  decent  length,  as  de- 
scribed, and  as  shown  in  Fig.  144,  the  puff  occasioned  by  the  discharge 
of  a  fixture  in  an  ordinary  house,  even  in  an  objectionable  job,  may 
not  equal  a  third  of  the  really  fresh  air  in  the  inlet  branch. 


Fig.  146, 
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The  chance  of  puffing  under  the  action  of  fixtures  can  be  avoided 
by  a  loop  providing  for  simple  revokition  of  air  when  fixtures  are 
discharged.  A  soil-stack  from  the  main  horizontal  Hne  is  carried  up 
to  the  roof,  with  all  connections  as  usual,  except  one.     This  is  made 

above  the  highest  fixture,  and  of  the  same 
size  as  the  soil-stack,  and  is  ffenerallv  car- 
ried  down  and  connected,  as  it  should  be, 
into  the  horizontal  main  several  feet  nearer 
]  the  intercepting  trap  than  where  the  cor- 
responding soil-stack  leaves  the  main.  Some 
connections  are  so  close  to  the  point  of  exit 
that  the  vertical  stacks  are  made  to  con- 
stitute the  whole  loop,  as  shown  in  Fig.  147, 
in  which  cases  the  direct  stack  E  from  A'^  to 

Y  should  invariably  be  a  portion  of  the  vent. 
If  the  connection  A'  is  made  in  the  hori- 
zontal run,  as  before  mentioned,  stack  F 
should  be  the  vent,  as  a  rule,  instead  of 
carrying  the  closet  branches  GG  as  shown. 

V  and  V  are  crown  vents  for  the  closets. 
The  crown  vents  may  in  some  situations  be 
made  into  a  separate  smaller  line  leading 
into  the  soil-stack  above  the  highest  fixture. 

By  the  loop  plan,  air  is  thrust  before  the 
water  discharged  from  a  fixture  as  usual; 
also,  there  is  the  same  tendency  to  a  vacuum 
behind  the  water  so  discharged.  But,  in- 
stead of  reversing  the  general  current  and 
drawing  air  from  the  roof  to  fill  the  void,  the 
roof  current  in  the  soil-stack  from  the  loop 
connection  up,  is  merely  checked,  more  or 
less;  and  the  air  already  rising  in  the  loop  turns  down  the  soil- 
stack  and  fills  the  void.  Without  the  loop,  considerable  compression 
woukl  take  place  in  front  of  the  water  before  the  current  in  the  house 
main  could  be  reversed.  With  the  loop,  this  compression  is  confined 
principally  to  the  stack.  The  void  being  supplied  by  the  loop,  the 
air  driven  in  front  of  the  water  simply  passes  up  the  loop  in  response 
to  the-call  for  air  to  fill  the  void  behind  the  water. 


Fig.  147.    Loops  In  Soil-Stiiciv 

to  Prevent  Puffs  of  Air 

at  Fresh- Air 

Inlet. 
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Referring  again  to  Fig.   147,  air  takes  the  course  offering  the 
least  friction ;  and  F  branching  out  of  and  into  E,  which  is  the  s*me 
size  pipe  as  shown  at  X  and  Y,  the  greater  part  of  a  current  of  air  pass- 
ing upward  through  them  will  travel  by  pipe  E.     For  this  and  other 
reasons  it  is  best  to  take  the  branch  pipe  F  for  the  soil  pipe.     Then, 
whatever  offset  may  be  necessary  to  reach  the  closet  openings  will  be 
washed;  and  the  .straight,  vertical  stack  left  for  the  vent  affords  no 
chance  for  the  lodgment  of  rust  or  other  obstruction.     When  water 
is.  discharged  into  the  soil  pipe  at  G,  pipe  V  protects  the  closet  trap 
from  siphonage;  and  tiie  tendency  to  form  a  vacuum  above  the  water 
in  the  soil  pipe  by  the  piston  action  of  the  discharge  water,  is  neutral- 
ized by  a  proportional  draught  of  air  from  vent  pipe  E  through  branch 
Y,.     The  air  in  the  vent  pipe  between  Y  and  B  tends  to  continue  its 
course  to  the  roof,  while  that  below  the  branch  Y  is  traveling  toward 
branch  Y.     A  partial  vacuum  formed  in  soil  pipe  F  by  a  discharge 
from  a  fixture,  will  be  checked  by  a  supply  of  air  drawn  from  vent  pipe 
E  between  branches  X  and    F.     The  vacuum  formed    behind  the 
discharge  water  in  soil  pipe  F  increases  the  upward  velocity  of  air 
in  vent  pipe  E  below  7;  and  the  air  pushed  down  in  front  of  the 
discharge  attempts  to  reverse  the  current  below  X.     The  increased 
velocity  of  the  air  in  pipe  E  demands  more  air  than  was  passing 
through  it  by  natural  draught.     This  demand  is  supplied  by  the  extra 
volume  which  the  water  is  pushing  before  it. 

As  long  as  the  discharge  water  is  above  branch  X,  the  air  simply 
revolves  m  the  two  pipes  which  form  the  loop.  The  air  in  pipe  F 
travels  downward  before  the  water,  and  up  through  pipe  E  and 
branch  Y,  and  down  pipe  F  behind  the  water.  This  revolution  of  air 
in  the  loop  continues  until  the  water  reaches  the  junction  X  of  pipes 
E  and  F,  without  causing  any  perceptible  "puff"  at  the  fresh-air 
inlet  opening. 

When  both  the  connections  are  in  vertical  lines  as  in  Fio-.  147, 
after  the  water  passes  A",  it  will  probably  reverse  the  current  of  air  in 
the  fresh-air  pipe  in  some  instances;  but,  were  it  possible  to  shove  out 
every  atom  of  air  in  the  soil  pipe  between  the  trap  and  point  X,  there 
still  would  not  be  a  particle  of  foul  air  puffed  out  at  the  fresh-air 
opening,  if  the  fresh-air  pipe  is  of  greater  length  than  the  distance 
between  A''  and  the  trap. 

After  the  fixture  water  reaches  A'  connection  when  A'  is  made  in 
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a  larger  and  horizontal  pipe,  its  interference  with  the  air  is  not  con- 
siderable. 

The  object  in  not  connecting  the  loop  stacks  as  close  together 
as  fittings  will  permit,  is  to  keep  the  water,  as  it  turns  into  the  hori- 
zontal main,  from  interfering  with  the  entry  of  air  to  the  vent.  By 
giving  some  distance  to  travel  before  reaching  the  loop  connection, 
■the  discharge  of  water  will  be  well  spread  in  the  main  line  before 
passing  it.  From  this  point  on,  it  may  cause  violent  eddying  of  the 
air  in  the  main,  but  no  actual  reversal  of  the  current  will  take  place. 
The  force  of  air  in  front  of  water  in  down-  spouts  that  connect 
inside  of  the  intercepting  trap,  may  at  times  reverse  the  air  in  the 
fresh -air  inlet  proper.     The  loop  pipe  is  an  aid  in  this  respect,  too,  as 

more  air  is  at  hand  to  cushion  the 
rush  of  a  sudden  downpour;  and 
the  various  fixture  trap  seals  are, 
if  affected  at  all,  left  much  more 
stable.  It  Avould,  if  necessary,  be 
better  to  have  soil-pipe  air  expelled 
from  an  inlet,  at  times,  by  the  action 
of  storm  water,  than  to  incur  the  risk 
of  siphonage  or  waving-out  of  fixture 
trap  seals  for  lack  of  it. 

No  pipe  of  any  building  should 
open  to  the  air  with  less  than  a 
4-inch  end.  Small  pipes  should  be  increased  to  4  inches  before 
passing  through  the  roof,  as  shown  in  Fig.  148.  Pipe  4-inch  and 
larger,  up  to  6-inch,  should  be  increased  to  6-inch.  The  object  in  all 
cases  being  to  prevent  closure  by  hoar  frost.  With  6-inch  and  larger 
pipe,  it  is  doubtful  if  it  is  ever  necessary  to  increase  the  size  at  the  roof, 
excepting  in  buiklings  with  cold  roof  space,  no  matter  how  high  the 
building  may  be;  yet  some  city  ordinances  call  for  an  increase  of  one 
size  regardless  of  size,  which  is  manifestly  foolish,  as  it  permits  increas- 
ing 2-inch  to  2-2  or  3-inch  on  any  type  of  job,  and  this  is  known  to  be 
inadequate  in  any  but  southerly  latitudes.  The  velocity  of  air  up 
the  line  is,  of  course,  higher  in  tall  buildings  than  in  low  ones;  hence, 
in  them,  more  moisture  is  carried  through  any  given  opening,  and 
the  theory  of  increasing  large  pipe  at  the  exit  .is  based  on  the  assump- 
tion that  smaller  openings  would,  as  a  result  of  this  excess  of  moisture, 


Fig.  148.    Vent  Pipe  lucroascd  in  Size 

Before  Passing  through  Koof,  to 

Prevent  Closure  by  Hoar  Fro.st. 
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Fig.  H9.    Pipe  Flastiing  Capped  with  V- 
,     Ring  of  Lead  and  Providing  Egress 
for  Warm  Air  from  Attic. 


be  closed  by  frost.  The  great  amount  of  warmth  over  large  buildings 
must  often,  however,  be  considered  as  reducing  the  chances  of  closure 
by  hoar  frost.  In  tropical  climates,  no  increase  of  any  size  is  necessary. 
In  southerly  temperate  latitudes,  no  special  attention  is  given  precau- 
tions against  hoar  frost,  beyond  in- 
creasing the  size  of  small  vents  to  at 
least  4  inches  in  diameter. 

Flashings.  There  are  patent 
devices  for  flashing  around  pipes, 
usually  made  of  copper;  but  the 
plumber  will  do  well  to  command 
the  skill  necessary  to  manipulate 
sheet  lead  to  suit  conditions  as  he 
finds  them.  In  any  location  where 
warm  air  will  always  be  seeking  an 

outlet  from  the  attic  through  chance  openings,  the  sleeve  of  the  flash- 
ing may  be  made  two  to  four  inches  larger  than  the  outside  diameter 
of  the  vent,  and  capped  with  an  annular  V-ring  of  lead  in  the  manner 
showTi  in  Fig.  149.  The  cap  ring  need  only  be  tacked  to  the  sleeve  with 
solder.  The  top  edge  of  the  sleeve  should  be  notched  or  some  other 
provision  for  air-exit  made,  so  as  to  insure  constant  changing  of  the 
air  in  the  sleeve.  If,  on  account  of  braces  or  projections  necessary 
to  hold  the  pipe  rigid  where  it  passes  through   the   sheeting,  it  is 

inconvenient  to  let  the  sleeve  extend 
below  the  sheeting  as  shown  in  the 
engraving,  it  may  terminate  at  the 
roof  line.  If  the  building  is  a 
storage  warehouse,  or  for  any  reason 
the  attic  will  not  be  very  warm,  or 
conditions  are  in  favor  of  cold  air 
being  drawn  in  through  chance  open- 
ings in  winter,  then  the  method  of 
Fig.  150.   Pipe  Flashing  Pacifed  with  Felt  flashing  and  packing  the  slccve  with 

or  Mineral  Wool  where  it  is  Desirable        »  ,,  .  ,  ,  ,  •      -n- 

to  Conserve  Warmth  in  Attic.  lelt  or  mmeral  wool  as  showm  m  riff. 

150  should  be  employed.  In  all 
cases  the  vent  and  flashing  must  rise  above  the  possible  snow-level 
for  flat  roofs.  The  snow-level  on  a  steep  roof  will  be  less,  but  drifts 
may  obstruct  the  vent  if  left  at  the  snow-level.     Some  latitude  for 


Felt    or 
'i.  M^/lineral  Wool 
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settling  of  the  roof  under  the  weight  of  snow  antl  ice,  and  for  expan- 
sion of  lines  supported  by  brick  piers  or  other  supports  far  below 
the  roof-level,  must  be  allowed  in  fitting  flashings.  If  they  are  too 
closely  drawn  or  capped,  trouble  will  soon  follow. 

To  develop  the  pattern  for  a  tapering  sleeve  for  a  vent  fof  a  flat 
or  nearly  flat  roof,  draw,  as  in  Fig.  151,  AT  at  random;  set  off  AB 
equal  to  the  altitude  of  the  sleeve;  then  AC  from  A,  perpendicular 
to  AB;  then  BD  from  B,  parallel  to  AC;  let  AC  equal  half  the  diame- 
ter of  the  sleeve  at  the  top,  and  BD  half  the  bottom  diameter;  then  cut 
CD  with  a  line  crossing  A'}'.  Lines  AC,  CD,  DB,  and  B.i  now  out- 
line half  the  elevation  of  the  sleeve  at  the  center.  Next,  with  the 
intersection  of  A']'  and  CD  projected  (A'^  in  the  diagram)  as  a  center, 

describe  the  arcs  EF  and 
OH.  On  EF,  set  off  the 
circumference  of  the  base  of 
the  sleeve  JK  (twice  BD  X 
0.141G),  and  then  indicate 
JX  and  KX.  This  devel- 
ops the  net  pattern,  and  it 
remains  only  to  add  the 
necessary  working  edges  to 
get,  when  cut  out  and 
formed  up,  a  sleeve  exactly 
conforming  to  the  shape  and 
dimensions  required. 
The  development  of  a  tapering  sleeve  for  a  pitched  roof  by  strictly 
geometrical  methods,  is  so  intricate,  and  the  springs  and  pitches  of 
roofs  so  varied,  that  the  plumber  usually  ignores — and  is  generally 
sensible  in  doing  so — the  true  methods  of  cutting  out  such  flashings. 
Lead  is  pliable;  and  in  lieu  of  the  more  tedious  method,  flashings  for 
pitched  roofs  are  roughly  laid  off  as  follows,  antl  then  worked  and 
trimmed  to  suit. 

The  circumference  and  curvature  of  the  top  edge  and  lines  of  the 
ends  to  be  joined,  are  obtained  by  full-size  diagrapis  in  the  same  way 
as  for  a  sleeve  for  a  flat  roof,  sh9wn  by  Fig.  151.  The  circumference 
of  the  top  edge  is,  in  this  case,  set  off  on  GH,  because  the  bottom, 
corresponding  to  JK,  is  unknown.  The  elevation  A  B  C  D  is  made 
just  as  though  a  sleeve  was  to  be  made  for  a  flat  roof,  with  the  tapering 


Fig.  151.    Development  of  Pattern  for  Tapering 
Sleeve  for  Vent  on  a  Flat  Roof. 
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side  equaling  CD,  Fig.  152,  which  should  be  laid  out  to  represent  the 
elevation  of  the  sleeve  desired.     The  pattern    diagram   (Fig.   151) 
should  be  so  drawn  as  to  throw  line  XCD  about  the  center  or  neck  of 
the  pattern,  so  as  to  bring  the  seam  on  the  low  side  and  thus  present 
solid  metal  to  the  flow  of  water  down  the  roof.     The  line  of  dots 
marked  Z  in  Fig.   151,  approximately  outlines  the    bottom  of  tlie 
pattern.     The  cross-mark  guides  by  which  to  draw  the  bottom  of  the 
flashing,  are  seldom  more  than  five  in  practice,  and  their  positions  are 
determined  in  this  way:  JX  and  KX  of   the  pattern  diagram  are 
extended  and  set  off  from  the  GH  line  equal  to  XK,  Fig.  152.     This 
gives  the  actual  seam  length  for  the  low 
side  of  the  flashing,  as  would  be  indi- 
cated if  AVand  XK,  Fig.  151,  were  ex- 
tended to  cut  the  extremes  of  the  cross- 
mark  guide  line.     CD  of  both  the  ele- 
vation and  pattern  diagram  being  equal, 
CD,  Fig.  151 ,  equals  the  length  of  sleeve 
in  the  neck   or  upper  side.     For  the 
length  of  sleeve  at  the  sides,  half  way 
between  die  neck  and  seam,  produce 
dotted  line  K^Y,  Fig.   152,  parallel  to 
CX,  to  a  point  where  it  will  intersect 
the  roof-plane  at  the  center  of  the  pipe 
space.     K^X  will  then  be  equal  to  the 
required  side  lengths  of  sleeve,  and  may 
be  set  off  on  the  pattern  diagram  by  pro- 
jecting radii  from  X,  cutting  the  pattern  midway  between  C  and  the 
seam  lines,  and  setting  off  the  distance  XK'  on  these  radii,  measurino- 
from  the  GH  line.     These  specific  points  are  a  sufficient  guide  for 
laying  out  the  bottom  in  any  ordinary  case. 

Trap  Ventilation.  Needless  multiplication  of  soil  and  vent 
connections  may  lead,  in  some  cases,  to  conditions  fully  as  deplor- 
able as  any  that  would  follow  the  primitive  simphcity  of  olden 
times.  There  are,  however,  certain  principles  that  must  be  carried 
out  to  secure  a  perfect  working  job.  These  have  often  been  cur- 
tailed by  the  extremists  of  one  class,  and  ahvays  at  the  expense 
of  the  quality  of  the  work.  It  is  the  extremists  who  reo-ulate 
progress  and  keep  things  at  a  reasonable  mean.     The  extremists  in 


Fig.  153.    Elevation  of  Tapering  Pipa- 
Sleeve  for  Pitched  Roof. 
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progression  would  drag  us  into  practices  perhaps  unsafe ;  while  their 
opposites,  derisively  termed  "old  fogies,",  hold  us  back,  sometimes  on 
untenable  ground.  The  result  is  that  the  conservative  element  is 
the  safest  class  to  follow;  it  neither  discards  a  well-tried  method 
nor  embraces  a  new  one,  without  good  reason  to  sustain  the  action. 
As  before  intimated,  the  change  in  character  of  buildings  and 
mode  of  life  has  necessitated  a  maze  of  pipe  work  in  some  buildings, 
which  to  the  uninitiated  looks  like  a  senseless  network  thrust  on  the 
owner  to  the  pecuniary  gain  of  the  plumber.     This  is  not  the  case, 


Fig.  153.    Common  Form  of  Crown  and  Stack  Ventilation. 

however,  as  eveiy  plumber  well  knows;  and  there  is  no  better  way 
to  disarm  this  type  of  credulity  than  for  the  plumber  to  be  well  versed 
in  the  philosophy  of  his  business. 

The  familiar  cry  that  crown  ventilation  of  traps  destroys  the 
seal  by  evaporation,  is  often  but  the  echo  of  the  voice  of  a  man  with 
an  axe  to  grind.  The  deep-seal  trap  costs  but  a  trifle  more  than  the 
ordinary.  There  are  also  positive  mechanical  means — comparatively 
cheap,  too — of  protecting  a  vacant  or  unoccupietl  house  against 
sewer  air.  In  occupied  houses,  there  is  no  chance  for  traps  to  lose 
the  seal  by  evaporation;  and,  when  properly  piped,  the  evaporation 
of  seals  does  not  take  place  so  fast  as  might  be  supposed.     The  crown 
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vent  is  merely,  or  should  be,  to  keep  the  water  from  being  siphoned 
out  of  the  trap.  It  is  the  practice  of  making  the  crown  vent  do  duty 
not  only  as  a  siphon-preventer  but  also  in  the  capacity  of  a  stack  vent, 
that  has  created  the  impression  as  to  rapid 
evaporation. 

If  we  bring  a  branch  waste  to  a  fixture 
just  as  though  it  was  to  be  a  "dead-end"  con- 
nection, and  then  put  in  a  liberal  crown  vent 
continued  to  the  roof,  as  shown  in  Fig.  153,  we 
have  filled  the  letter  of  most  specifications,  be- 
cause we  then  have  crown  ventilation  and  stack 
ventilation.  But  this  is  not  the  spirit  of  the 
work  specified,  nor  is  it  up  to  the  standard  of 
intelligent  workmanship.     The  current  to  the 
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Fig,  154.    Prevention  of 
Siphoning  Thwarted 
by  Improper  Plac- 
ing of  Vent  Con- 
nection. 


Fig.    15.5.      Waste    Stack 

Connected    to    Vent 

^taclc  above  High 

est  Fixture. 


Waste  Stack 


Fig.  156.    Ci'own  Vent  Stack 
and  Waste  Stack  Stand- 
ing Close  Together.  Giv- 
ing    Loop    Effect    in 
Pipe  Ventilation. 


roof  passes  up  the  trap  leg,  and  thence  through  the  crown  vent  directly 
to  the  open,  being  brought  on  its  way  in  close  proximity  to  the  seal  of 
the  trap ;  and  it  is  no  cause  for  wonder  that  such  a  connection  would 
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rob  an  onliiuiry  trap  of  its  seal  within  a  surprisingly  short  time,  if  tlie 
fixture  is  left  unused.  This  is  the  type  of  installation  found  in  the 
wake  of  speculative  builders,  scrimping  plumbing  contractors,  and 
ignorant  or  unscrupulous  journeymen.  Many  examples  of  this 
double-duty  vent  pipe  are  seen,  in  which  the  workman  foresaw  the 
result  to  some  extent,  and,  in  attempting  to  counteract  the  supposed 

ills  of  evaporation,  made  the  vent  useless 
as  a  siphon-preventer  by  connecting  the 
vent  10  inches  or  more  below  the  crown 
of  the  trap,  as  shown  in  Fig  154.  The 
proper  way  is  to  make  both  the  waste  and 
the  crown  vent  branches  from  other  lines. 
Of  course,  if  it  is  the  top  fixture,  or  there 
is  only  one  on  the  line,  the  waste  stack 
may  end  in  the  l)eginning  of  the  vent 
stack  or  connect  into  the  vent  stack,  as  in 
Fig.  155,  according  to  circumstances.  The 
main  current  goes  by  the  most  direct  route 
— up  the  main  waste  and  vent  stacks  of 
the  string.  If  the  crown  vent  and  waste 
stacks  stand  close  together,  as  in  Fig.  15C, 
we  have  the  loop  effect  before  spoken  of; 
and  with  the  fixtures  near  the  stacks,  the 
waste  and  crown-vent  connections  are 
both  short — which  is  proper.  It  is  poor 
practice  to  have  the  stacks  far  away  from 
the  fixtures,  because  one  is  then  likely  to 
fall  into  the  error  of  allowing  the  crown 
vent  to  act  also  as  a  direct  line  vent  for 
the  branch  waste.  This  plan  is  such  a  short-cut  to  accomplishing 
the  work  of  roughing-in,  that  the  temptation  to  err  is  great.  If  the 
waste  stack  cannot  come  near  the  fixture,  then  follow  the  loop 
principle,  and  turn  up  and  into  the  vent  stack,  branching  the  trap 
into  the  waste  branch,  and  taking  the  crown  vent  into  the  vent 
stack;  as  shown  in  Fig.  157,  or  into  a  vent  continuation  of 
the  branch  waste,  as  preferred.  If  neither  main  stack  can  come 
near  the  fixtures,  then  loop  out  from  the  soil  or  waste  stack  to 
the  fixture,  and  back  into  the   main   vent,  leaving  enough  upright 


Fig.  157.  Method  of  Securing  Loop 

when  Waste  Stack  is  uot 

Near  Vent  Stack. 
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pipe  at  the  fixture  end  of  each  loop  to  branch  the  waste  and 
crown  vent  into,  as  iUustrated  in  Fig.  158.  In  this  way,  half  of  the 
branch  loop  acts  as  a  waste,  and  half  as  a  vent,  and  there  is  ventilation 
through  the  soil  or  waste  branch  part 
without  continually  pulling  the  air  into 
juxtaposition  with  the  trap  seal.  Also, 
the  local  branch  waste  to  the  trap  and  the 
crown  vent  pipe  are  thus  permitted  to  be 
as  short  as  desired. 

To  avoid  separate  stacks  for  scat- 
tered fixtures,  what  is  termed  the  contin- 
uous system  of  soil  pipe  is  frequently  em- 
ployed when  practicable.  This  means 
offsetting  the  main  so  as"  to  be  able  to  in- 
clude all  the  fixtures  of  a  toilet-room 
without  making  long  branch  wastes.  If 
vent  lines  are  also  offset  in  this  manner, 
some  provision  for  water-washing  the  off- 
set should  be  made,  as  the  products  of 
corrosion  or  other  foreign  matter  might 
otherwise  fall  into  and  choke  the  bend  at 
the  foot  of  the  upper  vertical  part.  Espe- 
cially is  this  true  when  plain  wrought 
pipe  is  used.  Lavatory  wastes  are  gen- 
erally used  to  wash  vent  lines  in  such 
cases. 

Some  city  ordinances  permit  the 
continuous  system  practically  without 
vents,  merely  recjuiring  the  fixture  con- 
nections to  be  not  over  3  feet  in  length, 
and  requiring  either  vents  or  non-siphon- 
ing traps  where  the  stack  cannot  be 
brought  within  reach  of  the  3-foot  limit 
placed  on  branch  connections. 

A  plan  of  offsetting,  some  modification  of  which  may  be  used  in 
any  kind  of  system,  is  shown  in  Fig.  159,  which  makes  plain  the  work 
of  offsetting  soil  waste  and  vent  lines  without  incurring  the  risk  of 
having  trouble  with  the  vent  pipe  sooner  or  later.     It  provides   for 
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Fig.  158.    Method  of  Ventilating 

Pipes  where    Neither    Waste 

Stack  nor  Crowu  Vent- Stack 

are  Near  the  Fixture. 
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throwing  the  corrosion  of  the  vent  line,  both  above  and  Ix^low  the  off- 
set, into  the  soil  line,  where  it  will  be  washed  into  the  sewer  by  the 
water  discharged  from  the  closets  and  other  fixtures.  By  simply 
offsetting  the  vent  line,  the  corrosion  from  the  pipe  above  the  offset 
will  fall  into  the  bend,  drift  out  into  the  horizontal  part  slightly,  and 
finally  choke  up  the  horizontal  vent  altogether.  As  shown  by  the 
engraving,  commencing  with  the  main  soil  hne  at  the  first  fixture, 
a  branch  line  is  made,  and  the  branch  then  becomes  the  main  soil  line, 
leaving  the  vertical  part  for  the  vent.     Next  comes   the  offset,  and 

after  that    another 

-To  Roof' "^  I  1        !•  I»  •! 

branch  hne  tor  sou 
fixtures,  again  leav- 
ing the  vertical  pipe 
for  the  vent,  so  that 
whatever  falls  down 
the  vent,  either 
above  or  below  the 
offset,  lands  in  the 
soil  pipe  and  is  car- 
ried away  with  the 
water.  With  this 
arrangement,  the 
only  possible 
chance  for  the  vent 
to  clog  with  corro- 
sion is  in  the  hori- 
zontal part  of  the 
vent  offset.  What 
corrosion  takes 
place  in  a  piece  of  horizontal  pipe,  is  not  sufficient  to  warrant  con- 
sideration in  itself.  There  is  no  other  corrosion  to  be  taken  care  of, 
except  that  which  forms  in  the  few  feet  of  vertical  pipe  between  A  and 
B,  which  will  not  be  enough  to  restrict  materially  the  area  of  the 
pipe.  It  is  best  to  make  the  piece  of  pipe  between  A  and  B  as  short 
as  possible. 

With  the  continuous  system,  several  offsets,  simple  or  more  or 
less  complex,  as  shown  in  Fig.  159,  may  be  necessary  in  the  same 
stack,  according  to  location  of  fixtures  and  the  scheme  of  venting  and 


~~Main  Soil 


Fig.  159.    Method  of  Offsetting  Soil  Waste  and  Vent  Lines. 
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trapping.  Fig;  153  shows  a  group  of  fixtures  piped  diametrically 
opposite  to  the  continuous  stack  idea.  The  main  stack  does  not 
deviate  in  favor  of  odd  fixtures.  Regular  open  wall-traps  are  used. 
The  crown  vents  are  assembled  into  one  stack,  and  carried  up  inde- 
pendently or  into  the  stack  above  the  highest  fixture.  As  before 
stated,  the  plan  shown  in  Fig.  153  is  faulty  in  that  it  favors  evaporation 
of  the  trap  seals  by  putting  the  extra  duty  of  a  line-vent  current  on 
the  siphon  or  crown-vent  branch. 

Anti-siphon  traps  often  simplify  ventilation  problems,  especially 
in  awkward  situations  where  it  would  be  very  difficult  to  vent  a  fixture 
properly  with  pipe.  Fig.  ICO  illustrates  an  example  of  this  kind,  in 
which  non-siphon- 
ing traps  are  used 
on  bath  and  lava- 
tor}'  without  any 
form  of  crowai  or 
branch  line  vents. 
In  good  practice, 
bath  traps  are 
placed  convenient 
to  reach,  having 
screw-top  h  a  n  d- 
hole  with  cover  in 
full  view  at  the 
floor-level. 

Soil  Stacks.  The  size  to  make  a  soil  stack  is  largely  a  matter 
Of  opinion.  There  are  examples  of  10-inch  stacks  ser\'ing  40 
closets  with  the  usual  complement  of  lavatories  and  urinals.  There 
are  also  instances  where  as  manv  as  75  closets  and  numerous 
other  fixtures  all  discharge  into  a  5-inch  stack  which  has 
any  indication  of  being  too  small.  Although  com- 
recjuires  a  4-inch  soil  stack,  there  seems  little  ad- 
adhering  to  this  dimension  in  small  and  simple 
When  the  plumbing  was  designed  for  the  city  of 
Pullman,  111.,  more  than  twenty  years  ago,  3-inch  soil  stacks  were 
used  for  small  dwellings,  and  in  some  cases  they  were  placed  in  a 
party  wall,  so  as  to  afford  service  for  two  adjoining  houses.  The 
plumbing  regulations  of  Washington,  D.  C,  have  allowed   for  some 


Fig.  160..   Anti-Siphoning  Traps  Dispensing  with  Necessity  for 

Vent  Lines. 
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years  past  the  construction  of  3-inch  soil  stacks  for  dwellings  having 
only  a  single  bathroom,  and  the  practice  has  been  justified  by  favor- 
able results.  ^Yhen  it  is  considered  that  the  outlet  of  a  closet  is 
rarely  more  than  2\  inches  in  diameter,  it  appears  that  a  size  smaller 
than  4  inches  is  often  allowable. 

The  size  does  not  increase  with  the  number  of  fixtures.  Very 
few  of  a  hundred  closets  in  a  building  would  ordinarily  be  flushed 
simultaneously.  A  5-inch  stack  would  answer  well  for  100  closets 
in  a  tall  building  where  the  toilet-rooms  are  superimposed,  as  shown 
in  Fig.  ICl,  W'hich  outlines  the  soil,  waste,  and  vent  pipes  of  several 
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Fig.  101.    Showing  Layout  of  Soil,  Waste,  and  Vent  Pipes  of  Several  Groups  of 
Superimposed  Fixtures  iu  Same  Building. 

groups  of  fixtures,  rain-water  leaders,  etc.  If  the  same  number  of 
closets  were  at  one  elevation,  and  the  fall  only  moderate,  common 
sense  would  dictate  a  6,  8,  or  10-inch  line,  with  4-inch  fixture  branches. 
The  velocity  with  which  the  w^ater  will  flow  away  should  be  a 
prime  factor,  but  sizes  in  soil  and  waste  pipes  are  far  more  a  matter  of 
empiricism  than  in  supply  work.  A  soil  pipe  not  too  large  is  self- 
scouring  in  a  sense.  This  point  is  erroneously  argued  in  favor  of 
small  waste  pipes.  If  a  soil  pipe  too  small  for  the  duty  should  be 
installed,  ordinary  usage  would  develop  the  fact  quickly.  But  in  a 
waste  outlet,  where  grease  is  likely  to  accompany  *hc  water,  a  pipe 
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large  enough  to  carry  the  waste  easily  when  the  pipe  is  new,  may  be- 
come choked  after  a  considerable  period  of  time,  and  merely  because  it 
is  of  the  size  so-called  "self-scouring."  A  'house  line  which  may  be 
much  too  large  for  the  waste  will  l^e  likely  to  choke  from  floating 
matter  adhering  to  the  sides  above  the  water  line  until  overhanging 
ridges  are  formed  that  break  down  in  the  channel.  Being  too  heavy 
for  the  water  to  push  along,  this  matter  acts  as  a  dam,  and  complete 
stoppage  soon  results.  This  is  why  large  sewers  are  built  with  elliptical 
bottom  section.  Having  variable  flows  to  take  care  of,  the  depth  of 
water  produced  by  ordinary  usage  cleanses  the  conduit,  and  keeps  it 
in  much  better  condition  than  if  round  conduits  of  the  same  capacity 
were  employed. 

Slope.    With  due  respect  for  appearance,  all  the  fall  possible 
should  be  given  lateral  soil  and  waste  lines.    About  jq  inch  to  the  foot 
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Fig.  163.     Trap-Screw  Ferrules  Installed  at  Intervals   to   Facilitate  Cleaning  of 

Drain  Pipe. 

(one  degree)  is  taken  as  the  minimum.  With  cast  pipe  and  leaded 
joints,  much  more  than  this  can  be  given,  by  gaining  change  of  direc- 
tion in  setting  the  joints.  With  screwed  fittings  for  wrought  pipe,  tap- 
ped, pitched  one  degree  from  the  nominal  angle,  less  latitude  to  vary  the 
fall  is  offered.  Considerable  variation  is  possible,  however,  by  cutting 
pitched  threads  on  the  pipe.  In  positions  where  the  cutting  of  one 
pitched  thread  entails  the  work  of  cutting  another  with  the  pitch 
just  opposite  that  of  the  first  in  order  to  follow  the  perpendicular 
again,  the  work  is  irksome  and  is  seldom  resorted  to.  Cast  fittings, 
threaded,  for  drainage  work,  are  recessed  in  the  ends,  so  that,  when 
screwed  on  the  pipe,  the  pipe  and  interior  of  the  fitting  are  of  the  same 
diameter,  thus  presenting  no  jog  or  broken  edges  to  favor  stoppage. 
Stoppage  of  drains  of  any  kind  is  likely  from  many  causes;  and  during 
installation,  trap-screw  ferrules,- or  tees  with  brass  plugs,  according 
to  the"  kind  of  pipe  being  used,  should  be  provided  along  the  line,  as 
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shown  in  Fig.  1G2,  so  as  to  make  tiie  work  of  ckumsing  as  convenient 

and  inexpensive  as  possible. 

Sizes   of  Soil   and  Waste   Pipe.      The   usual   sizes   for   soil 

and  waste  work  are:  5-inch  for  ordinary  house  main  (horizon- 
tal); 4-inch  for  1  to  4  closets; 
5-incli  horizontal  -  l)ranch  from 
5-inch  stack  for  a  battery  of  five 
or  more  closets;  5-inch  stack  for 
any  ordinary  number  of  fixtures; 
main  vent  stack,  same  size  as 
soil-stack;  loop  vent,  same  size  as 
stack;  crown-vent  stacks,  2  or 
3-inch ;  slop-sink  stacks,  3  or  4-inch ; 
closet  connection,  4-inch;  closet 
crown  vent,  2-inch;  slop-sink  con- 
nection, 3-inch;  slop-sink  vent, 
2-inch;   urinal    stacks,  3-inch;  uri- 

Fig   163.    i^ocai^venuiatiou  for  Two    ^^.^j   ^jrancli  wastes,  2-inch ;    urinal 

trap  vents,  1^.  to  2-inch;  bath  stacks, 
3-inch;  bath -waste  connection,  2-inch;  lavatory  wastes,  2-inch.  The 
2-inch  refers  to  the  size  of  cast  pipe  used  in  the  case  of  lavatories 
and  baths;  the  lead  trap  and  connections  of 
these,  and  often  of  other  fixtures,  are  made 
IvVinch.  Small  lavatories  cften  have  l|-inch 
waste.  The  crown  vent  is  usually  one  size 
less  than  the  trap  for  all  but  closets  and  slop 
sinks.  Of  late,  bath-waste  outlets  are  fre- 
quently made  2-inch.  Kitchen-sink  stacks  are 
made  3-inch;  single  sinks  or  branch  waste  for 
one  sink  or  set  of  trays,  2-inch,  with  2-inch  trap 
and  1  j-inch  crown  vent. 

Local  Ventilation.  A  ^ccal  vent  is  a 
pipe  leading  air  from  the  bowl  of  a  closei 
or  through  the  outlet  of  a  urinal  to  carry  away 

odors  with  a  current  of  air  fed  by  the  air  of  the  room.  Li  Fig.  1G3 
are  shown  two  openings  for  urinals  where  the  roughing-in  pro- 
vides for  local  ventilation  for  the  urinal  bowls  in  a  way  that  is 
etjuivalent  to  the  local  vent  pipe  to  a  closet  bowl.     T  is  a  general 
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vent  stack,  and  W  the  urinal  waste  stack.  Instead  of  putting  in  crown 
vents  for  the  traps,  the  branch  waste  becomes  a  vent  at  the  junction 
of  the  trap  branches,  and  loops  back  into  the  general  vent  stack. 
There  is  sufficient  ventilation  in  this  case  for  two  reasons— the  traps 
are  close  to  the  line;  and  the  current  up  the  main  local  vent  stack  is 
induced  and  maintained  by  a  fan  motor,  which,  in  drawing  the  odors 
from  the  urinal  bowl,  creates  more  or  less  suction  on  the  house  side 
of  the  trap  seals  and  counteracts  the  tendency  toward  siphonage  on 
the  sewer  side.  The  roughing-in 
shown,  is  hid  by  marble  slabs  in 
the  finished  work. 

A  section  of  the  marble  back, 
with  urinal  and  vent  and  waste 
connection,  is  shown  in  Fig.  164, 
which  makes  clear  what  is  meant 
by  local  urinal  ventilation.  The 
difference  between  it  and  local  closet 
ventilation,  is  that  as  the  trap  for 
the  urinal  is  not  in  the  urinal  proper, 
the  current  from  the  room  passes 
through  the  urinal  outlet  except 
while  it  is  flushing;  while  in  the 
closet  the  local  vent  connection  is 
made  to  the  bowl  above  the  visible 
water-level,  because  the  trap  below 
interferes  with  connecting  it  other- 


/^m^ 


Fig.  165.    Locally  Vented  Trap  for  Urinal 
and  Floor  Drain  Combined. 


Wise. 


Another  plan  of  local-venting  a  urinal  is  shown  in  Fig.  165,  in 
which  the  urinal  trap  answers  as  a  trap  to  the  floor  drain  as  well,  and 
the  local-vent  current  passes  down  through  the  grating  of  the  floor- 
slab  drain  and  up  through  the  urinal  waste  to  the  point  where  the 
urinal  proper  connects.  Between  the  trap  and  urinal  connection,  the 
pipe  is  a  waste  and  local  vent  combined,  its  continuation  above  the 
urinal  vent  connection  being  simply  a  local  vent  pipe,  the  area  of 
which  being  equal  to  the  combined  area  of  the  urinal  outlet  and  floor- 
slab  grating,  a  current  also  passes  from  the  urinal  bowl  through  its 
outlet  into  the  local  vent  pipe.  The  only  fault  to  be  found  with  this 
arrangement  is  the  abnormal  distance  of  the  trap  from  the  fixture, 
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which,  however,  is  of  little  consequence  so  long  as  the  means  f(jr  pro- 


Pig.  167.    Roughing-iu  for  Ad.iacent  Toilet-Rooms  on  Same  Floor  of  Double-Flat 

Building. 

(lucing  a  current  in  the  local  vent  stack  is  doing  its  duty.     Fig.  166 
shows  the  openings  left  for  a  battery  of  closets  that  are  to  be  set  on  a 
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tile  floor.  The  uprights  connect  into  a  branch  soil  line  below.  The 
illustration  is  given  to  show  a  system  of  venting  which  can  be  used 
with  closets  that  do  not  permit  of  crow^n  venting. 

Local  vent  stacks  are  round  or  rectangular,  and  are  made  of 
galvanized  sheet  iron.     Unlike  the  soil  or  supply  pipe  system,  the 


Fig.  168.    Plan  of  Complete  Installation  Shown  in  Part  in  Fig.  167. 

stack  .system  is  made  proportional;  that  is,  the  area  of  the  stack  at 
any  point  is  an  approximation  to  the  aggregate  area  of  all  the  vent 
branches  that  have  been  connected  into  it  up  to  that  point.  The 
local  vent  stack  is  sometimes  carried  into  the  same  shaft  which 
incloses  the  smoke-pipe  from  the  boilers.    In  other  cases  it  is  connected 
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with  an  exhaust  fan  driven  by  power,  usually  supplied  by  an  electric 
motor,  thus  insuring  a  constant  air-current.  Bowl  or  local  ventilation 
is  not  generally  installed  in  dwellings.     The  closet  does  not  receive 

such  frequent  usage  in  private 
houses  as  in  larger  buildings  such 
as  hotels,  offices,  etc.;  and  in  the 
smaller  structures  there  is  no  hot 
flue  that  can  be  depended  upon  for 
purposes  of  aspiration.  If  led  to  the 
open  air,  the  vent  will  act  ver}^  well 
in  warm  weather;  but  during  the 
winter  months  it  will  be  likely, 
through  reversal  of  the  current,  to 
jring  in  cold  air  and  disseminate 
the  odor  through  the  apartment. 

Soil  Pipe  and  Fittings.  Tender 
the  head  oi  specialiics,  many  forms 
of  patented  soil-pipe  traps  and  fit- 
tings have  been  placed  on  the  mar- 
ket from  time  to  time,  with  a  view 
to  lessening  labor  and  cost  and 
simplifying  the  work  of  roughing-in 
for  plumbing  fixtures.  Of  these,  a 
singular  instance  of  the  use  of  one 
type  will  be  noticed.  Fig.  1G7  illus- 
trates a  well-known  line  used  in 
rouo:hino;-in  for  the  toilet-rooms  of  a 
double-flat  building.  Being  drawn 
in  perspective,  the  function  and 
merit  of  every  fitting  shown  is  self- 
evident.  Fig.  IGS  gives  in  plan 
view  the  roughing-in  shown  in  Fig. 
1G7.  The  location  of  the  fixtures 
on  the  floor  below  th3  plan  of 
lines  by  a,  h,  and  c.  On  other 
hown,  are  of  course 
Fiff.  169 


Fig.  169.    Broken  General  View  of  Waste 

and  Vent  Stacks  for  Laundries 

and  Kitchen  Rinks  of  a 

Flat  Building. 


piping,   is  indicated    in    solid 

floors,   corresponding   fixtures  for   the  stack 

superimposed  as  a  matter  of  economy  and  convenience. 

is  a  broken  general  view  of  the  waste  and  vent  stacks  for  the  laundries 
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Fig.  170.    Single-Hub  Length  of  Standard  Soil-Pipe. 


Fig.  171.    Double-Hub  Length  of  Standard  Soil-Fipe. 


and  kitchen  sinks  of  the  same  building,  the  roughing-in  work  and 
some  of  the  fixtures  being  shown.  The  regular  standard  soil-pipe 
and  fittings  can  be  made  to  answer  for  any  case,  although  incon- 
venience and 
additional  ex- 
pense are  of- 
ten incurred 
in  working  fit- 
tings of  stand- 
ard d  i  m  e  n- 
sions  in  close 
quarters. 

There  are  several  weights  of  soil  pipe  and  fittings  used,  varying 
with  the  building  or  with  the  requirements  of  city  or  state  sanitary 
laws,  etc.     The  weight  known  as  standard  is  sometimes  used  on 

buildings  under  four  stories  in  height,  and 
for  vent  pipes  and  soil-pipe  extensions  above 
the  highest  fixture.  Extra  heavy  pipe  and 
fittings  are  used  in  tall  building's  and  in 
most  ordinarv  work,  for  all  soil  and  v;aste 
purposes  below  the  highest  fixture.  The 
standard  length  of  soil  pipe  for  all  diame- 
ters, is  five  feet,  exclusive  of  hub. 

Fig.  170  shows  a  regular  single-hub  length. 

Fig.  171  represents  the   double-hub  length 

employed  to  avoid  the  use  of  double-hub 

fittings  and  extra  joints  where  less  than  full  lengths  are  required 

in  cases  where  the  cost  of  regular  extension  pieces  w^ould  exceed  the 


Fig.  172.    Quarter-Bend  with 
Double  Hub. 


Fig.  173.  Fig.  174. 

Short-Radius  Bends  for  Soil-Pipe. 


Fig.  175. 


price  of  double-hub  pipe.  Fig.  172  is  a  quarter-bend  with  double 
hub.  It  is  of  the  long-sweep  or  long-radius  pattern.  The  whole  list 
of  standard  regular  fittings  is  made  in  the  long-radius  pattern.     They 
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should  be  used  where  possible;  but  the  shorter-radius  type,  corre- 
sponding to  that  shown  in  Figs.  173  to  ISO,  is  most  generally  employed 
because  the  little  room  available  enables  the  plumber  to  lay  lines  in 

places  where  cramped  con- 
ditions make  the  use  of  the 
long  radius  impossible. 

O  n  e  -  s  i  X  t  e  e  n  t  h,  one- 
eighth  ,  o  n  e  -  s  i  xt  h  ,  one- 
fourth,  and  return  bends 
embrace  the  regular  list  of 
soil-pipe  bends,  giving  a 
range  in  angles  from  22h  to  ISO  degrees  in  the  same  plane;  and,  by 
winding  them,  giving  a  twist  to  the  joints, almost  any  angle  with  the 
original  direction  can  be  obtained. 

A  wider  range  of  bends  is  offered  in  the  recessed  and  threaded 


Fig.  176.    Keturnncud 
for  Ca.st  Soil-Pipe. 


Fig.  177.    Single  Y. 


Fig.  178.    Double  Y- Branch. 


Fig.  179.    San- 
itary Tee. 


Fig.  180.    Double  San- 
itary Tee. 


cast-iron  drainage  fittings  for  use  with  wrought  pipe.  Omitting  the 
'pitched  ells  and  tees  for  regular  fall,  5f  degrees  is  the  most  obtuse 
fitting  regularly  made. 

The  return  bend  for  cast  soil-pipe  is  represented  by  Fig.  170; 

m 


Fig.  181.    Quarter- 
Bend  with  Side 
'•Outlet." 


Fig.  183.    Quarter- 
Bend  with  Heel 
-Outlet." 


Fig.  188.    Single 

Y  with  Side 

"Outlet." 


single  Y,  by  Fig.  177;  double  Y-branch,  by  Fig.  178;  sanitary  tee, 
by  Fig.  179;  and  the  double  sanitary  tee,  by  Fig.  ISO.  The  tee  and 
double  tee  shown  are  known  as  the  sanitary  pattern,  on  account  of  the 
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The  |-bend  is  also  made 


Fig.    184.      Double   Y- 
Branch  with  Trap- 
Screw  Clean-Out. 


Fia-.  185. 


Bolted-Plate    Cleau-Out 
on  Soil-Pipe, 


curved  branches,  which  direct  die  flow  in  the  pipe  Une  somewhat  in 

the  same  manner  as  does  a  Y-connection.     Common  tees  and  crosses 

are  made  in  strictly  right-anHe  branches. 

with  right  and  left 

side-outlet,  as  indi-         -'vv^ 

cated  by  Fig.  181; 

and  with  heel-out- 
let,   as    shown    in 

Fig.      182.      Tees, 

crosses,    and     Y's 

can    be    had    with 

side  outlet  as  shown  at  b,  Fig.  183.    These  auxiliary  openings,  while 

always  termed  outlets  by  the  trade,  are  in  fact  ijilet  branches.    Long 

branch  fittings,  with  a  branch  equivalent  to  a  Y 
and  -J-bend  connection,  are  also  made. 

Offsets  may  be  had  to  offset  the  pipe  as  little 
as  half  of  one  diameter,  and  up  to  six  diameters. 
Any  of  the  standard  branches  can  be  had  with 
trap-screw  clean-out,  as  shown  at  a,  Fig.  184.  The 
bolted-plate  clean-out,  indicated  in  Fig.  185,  is 
undesirable,  as  the  cover  can  rarely  be  securely 
replaced  when  removed  for  purposes  of  cleaning. 
A  series  of  cast  soil-pipe  fittings  are  made  with 
branches  threaded  for  wrought  pipe,  as  shown  in 
Fio;.  186.     These  meet  the  demand  for  a  means 

of    easily  connecting  wrought  vent-pipes  to  a  cast-iron  pipe   line. 

Similarly,  combination  lead    and  brass  soldering  nipples  threaded 

for    wrought    pipe    are    now    carried    by    supply    houses,    the  lead 


Fig.    1S6.       Cast   Soil 
Pipe  with  Threaded 
*     Branch  to  Connect 
to  Wrought  Pipe. 


Fig.  187.    Combination  Lead  and  Brass 

Solderin!^  Xipple  Threaded 

for  Wrought  Pipe. 


Fig.  188.    Combination  Lead 
and  Iron  Ferrule,  '•Ray- 
mond" Type. 


being  furnished  straight,  as  shown  in  Fig.  187,  or  in  the  form  of 
a  quarter-bend.  These  are  very  convenient  for  use  with  wrought 
vents,  and  are  equivalent  to  the  regular  combination  lead  and  iron 
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ferrule,  shown  in  Fig,  188;  they  can  be  used  with  cast  pipe  by  calVing- 
in.  This  combination  ferrule — commonly  known  as  a  "Raymond" 
ferrule,  from  its  maker — is  sometimes  damaged  during  the  process  of 
calking;  and  sometimes  the  outer  covering  is  burned  through  in 
making  the  solder  joint.  For  these  reasons,  its  use  is  prohibited  in 
many  localities. 

Brass  ferrules  for  calking-in  make  a  oetter  job  than  lead  and  iron; 
but  in  case  of  their  use,  it  is  necessary  to  wipe  on  a  piece  of  lead,  which 
in  cramped  connections  is  son^times  most  inconvenient;  and  both 
the  ferrule  and  the  work  are  more  expensive. 

The  recessed  or  hub  ferrule  shown  at  h,  Fig.  189,  is  a  good  form 
of  ferrule.  It  is  not  satisfactory,  however,  as  usually  sold.  The 
stock  length  brings  the  increase  in  diameter  necessary  for  the  recess 
close  to  the  face  of  the  hub  of  the  fitting,  making  it  very  difficult  to 


Fig.  189.    Brass  Ferrules-6,  Recessed  or  Hub:   c.  Sti-aight:   e,  witla  Lead  Eud  Con- 
tracted to  Millie  Joint  witli  Smaller  Pipe. 

yam  and  calk,  even  before  the  lead  pipe  is  wiped  on;  and  as  these 
joints  are  usually  wiped  before  the  ferrule  is  calked  in  place,  it  is 
difficult  to  make  safe  joints  where  they  are  used.  The  forms  of  brass 
ferrule  generally  used  are  shown  at  c  and  e,  Fig.  189,  the  lead  end  of  e 
bemg  contracted  for  use  with  H-inch  pipe  or  less. 

Soil=Pipe  Joints.  A  section  of  a  soil-pipe  joint  is  shown  in 
Fig.  190.  The  materials  used  in  making  these  joints  are  good, 
clean  hemp  or  oakum,  with  melted  lead  poured  in  and  afterward 
calked.  The  packing  to  support  the  lead  should  be  of  uniform 
strand,  evenly  twisted.  When  a  joint  is  made  with  pipe  cut  to 
length,  the  bead  having  been-  cut  off  the  spigot  end,  care  must  be 
taken  to  pack  the  yarn  uniformly  tight  without  driving  it  through 
into  the  bore  of  the  pipe,  and  in  a  way  to  keep  the  spigot  end 
in  the  center  of  the  hub  space  so*as  to  get  a  uniform  thickness 
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of  lead  on  all  sides.  As  an  extra  precaution  in  difficult  places, 
the  packing  is  sometimes  dipped  in  linseed  oil,  and  then  wrung  as 
dry  as  possible,  before  yarning  a  joint.  This  gives  almost  positive 
assurance  that  the  joint  will  not  leak  water. 
Likewise,  shavings  of  sperm  candle  whittled  in 
on  top  of  the  yarn  before  pouring  the  lead,  pre- 
vent water  leakage. 

Some  plumbers  pour  in  just  enough  lead  to 
make  a  ring  around,  and  calk  it  down  reasonably 
tight  on  top  of  the  yarn,  before  pouring  the  hub 
full.  Unless  very  little  yarn  is  used,  this  does 
not  leave  a  solid  ring  of  lead  deep  enough  to  in- 
sure the  best  joint;  and  if  too  little  yarn  is  em- 
ployed, there  is  danger  of  the  lead  burning  its 
way  through  into  the  pipe.  This  method  is 
therefore  undesirable  in  either  case. 

Care  should  be  taken  before  pouring  a  joint,  to  see  that  no  threads 
of  yarn  are  standing  above  the  face  of  the  hub;  other\\-ise  a  leak  may 
result  from  stray  threads  protruding.  Becoming  charred  by  the  heat 
of  the  lead,  they  soon  leave  a  tmy  hole  through  the  lead,  from  which 
trouble  results.  No  matter  what  the  position  of  the  joint,  the  entire 
charge  of  lead  to  complete  it  should  be  poured  at  one  time,  and  the 
lead  should  be  hot  enough  to  insure  a  true  union  of  the  meeting  edges. 
If  the  pipe  is  large  or  the  weather  very  cold,  it  is  better  to  warm  the 


Fig.  190.     Section  of 

Soil-Pipe  Calked 

Joint. 


Fig.  191. 


Good  Type  of  Closet  Floof- 
Joiut. 


Fig.  192.      Secure  Type  of  Floor- 
Joint,  for  Closets  which  can  be 
Revolved  about  the  Outlet. 


hub  in  order  to  insure  the  flowing  edges  uniting,  than  to  risk  pouring 
the  lead  so  hot  that  it  may  bum  through  the  packing. 

It  is  a  matter  of  opinion,  whether  or  not  a  joint  should  always  be 
calked  while  it  is  hot.     If  the  pipe  is  heavy  enough  to  stand  it  without 
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cracking  the  hub,  it  can  make  little  difference  whether  the  joint  is 
calked  hot  or  cold.  If  the  pipe  is  light,  a  hard  calking  while  the 
joint  is  hot  and  the  hub  expanded  may  cause  splitting  of  the  hub 
when  it  contracts  from  cooling.  The  best  plan  appears  to  be  that  of 
driving  down  the  lead  reasonably  tight  while  it  is  hot  and  therefore 
softer  than  when  cold,  at  which  time  it'  will  give  and  adjust  itself  to 
the  irregularities  of  the  hub  and  spigot.  Then,  a  little  later,  calk 
twice  around  with  a  thin-edge  tool,  driving  the  lead  into  contact  with 
the  spigot  surface  on  one  edge,  and  against  the  inner  hub  surface  on 
the  other. 

Floor  Joints.  A  closet  floor  joint  of  good  type  is  shown  in 
Fig.  191.  In  this  joint,  a  bevel-edged  brass  floor-plate  is  screwed  to 
the  floor  and  well  soldered  to  the  end  of  the  lead  bend,  as  indicated. 
The  floor-plate  has  slots  for  the  closet  bolts,  so  that  any  variation  in  the 
position  of  the  bolt  holes  in  the  flange  of  the  closet  pedestal  will  not 
cause  trouble  when  aligning  the  bolts,  as  they  can  be  slid  along  in 
the  slots  of  the  plate  to  the  required  position.  Common  putty, 
plaster  of  Paris,  or  hydraulic  cement  may  be  used  instead  of  a  rubber 
easket ;  but  the  latter  two  materials  make  it  difficult  to  remove  the 
closet  from  its  setting,  and  there  is  always  risk  of  breaking  the  flange 
if  the  pedestal  has  to  be  moved  for  any  reason. 

A  secure  t}^e  of  joint,  introduced  a  few  years  since,  is  showni 
in  Fig.  192.  This  connection  is  well  suited  for  such  types  of  closets 
as  can  be  revolved  about  the  outlet,  but  cannot  be  used  with  closets 
where  the  outlet  is  well  toward  the  rear  of  the  fixture 

TRAPS 

Traps  are  made  in  many  forms,  none  of  which  combines  every 
desirable  feature.  A  trap  with  vertical  drop  at  the  inlet  is  considered 
best  for  the  main  intercepting  trap,  as  it  allows  the  incoming  water 
to  break  up  the  scum  and  floating  matter  so  that  it  will  be  carried 
out  promptly  by  the  flow.  This  form  also  presents  a  difficult  place 
for  sewer  rats  to  climb,  and  is  therefore  favored  for  that  reason  also. 

In  regular  fixture  traps,  open-neck  bends,  and  the  least  surface 
possible,  are  favored.  The  Y  and  Jj-bend  connections  in  one  fitting, 
and  other  fittings  combining  the  virtues  of  the  open  bends  of  long- 
radius  fittings,  are  used  merely  because  they  offer   little  chance  of 
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stoppage;  but  traps  should  have  ever)'  part  exposed  to  view  in  order 
to  betray  leakage.  Tide-water  traps  are  usually  nothing  more  than 
simple,  large,  swinging  check-valves.  Some  intercepting  traps  are 
provided  with  a  swinging  check.  The  tide-water  feature  is  necessary 
only  when  high  water  or  tides  are  likely  to  raise  the  water  into  which 
the  sewer  discharges  so  as  to  flood  the  cellar  through  fixture  openings. 

Siphonage.  Traps  introduce  into  plumbing  the  element  of 
sipJwnage.  This  may  be  normal  and  desirable,  as  in  the  case  of 
closets  which  discharge  their  contents  by  siphonic  action;  but  siphon- 
age  in  fixture  traps,  and  the  means  of  preventing  it,  are  prime  factors 
in  every  plumber's  work. 

Ordinary  siphonage  can  best  be  illustrated  by  a  few  simple 
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Fig.  193.  U  Tube 
•witti  Legs  of 
Equal  Length. 


Fig.  194.    U-Tube 
Inverted. 


u 


Fig.  195.    In%'erted  U- 

Tube  with  Legs  of 

Unequ?  1  Length. 


diagrams  showing  the  principles  involved.     In  Fig.  193  is  shown  a 
U-tube  with  legs  of  equal  length,  filled  with  water.     If  we  invert 
the  tube,  as  shown  in  Fig.  194,  the  water  will  not  run  out,  because 
the  legs  are  of  equal  length,  and  contain  equal  weights  of  water,  which 
will  pull  downward  from  the  top  with  the  same  force,  tendmg  to  form  a 
vacuum  at  A.     Cohesion  of  the  particles  of  water,  together  with  equal 
atmospheric  support  of  the  water  at  the  open  ends  of  the  tube,  prevents 
any  appreciable  void  space  when  the  U  is  of  short  length.     If  one  of 
the  legs  is  lengthened,  as  m  Fig.  195,  so  that  the  column  of  water  is 
heavier  on  one  side  than  on  the  other,  the  water  will  nm  out.     The 
atmospheric  pressure  being  practically  equal  on  both  legs,  the^  greater 
weight  of  the  water  in  the  long  end,  through  cohesion,  assisted  by 
the  air-pressure,  pulls  the  water  in  the  shorter  tube  up  over  the  bend, 
much  as  an  unbalanced  chain  would  run  over  a  pulley.    The  columns 
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of  water  in  the  tube  in  this  case  may  be  Hkened  to  a  piece  of  rope 
hanging  over  a  pulley;  when  equal  lengths  hang  on  each  side,  it  will 
remain  stationary;   but   if  one  end  is  longer  and  therefore  heavier 

than  the  other,  the  whole  rope  will  be  drawn 
over  by  the  longer  and  heavier  portion. 

If  the  short  leg  of  Fig.  195  be  dipped  in  a  ves- 
sel of  water,  as  shown  in  Fig.  196,  we  then  have 
the  conditions  necessary  to  form  a  common 
siphon.     The  atmospheric  pressure,  which  be- 
fore acted  on  the  water  at  the  bottom  of  the 
short  leg  of  the  tube,  then  becomes  operative  on 
the  surface  of  the  water  in  the  vessel,  and  the 
flow  through  the  tube  will  continue  until  the 
water-level  in  the  vessel  falls  slightly  below  the 
end  of  the  tube,  admitting  air  and  breaking 
the  siphonic  action.     Gravity  acts  proportionally  on  the  water  of  both' 
legs  of  the  U  during  siphonage,  and  the  point  of  tension  is  therefore 
at  the  highest  point  of  the  bend. 

If  the  bend  should  be  pierced  at  the  top,  air-pressure  would  be 
established  at  both  ends  of  each  leg,  and  gravity  would  instantly 
empty  the  short  leg  into  the  vessel.  It  is  in  this  manner  that  a  crown 
vent  to  a  common  fixture  trap  breaks  the  flow  and  throws  enough 


Fig.   196.      A   Common 
Siphon. 


Fig.  197.  Trap  Fulfilling  Siphon- 
age  Conditions. 


Fig.  198.      Siphoning  of  Trap 
Broken  by  Crown  Vent. 


water  back  into  the  body  of  the  trap  to  preserve  the  water-seal.  Fig. 
197  shows  the  principle  of  Fig.  196  applied  to  the  trap  of  a  plumbing 
fixture.     If  the  bowl  is  well  filled  with  water,  so  that  when  the  stopper 
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is  removed  from  the  bottom,  the  waste  pipe  for  some  distance  below  the 
trap  will  be  filled  with  a  solid  column  of  water,  siphonic  action  like 
that  just  described  will  take  place  and  the  trap  will  be  drained.  A 
sufficient  amount  of  water  runs  down  from  the  fixture  and  sides  of  the 
pipe  above  the  trap  to  partially  provide  for  the  seal,  its  full  restoration 
being  assured  when  a  crown  vent  is  used,  by  water  being  thrown  back 
from  the  short  leg  of  the  siphon  (center  leg  of  the  trap)  as  shown  in 

Fig.  198. 

The  direct  action  of  the  water  of  a  fixture 
in  breaking  its  own  trap  seal  by  siphonage,  is 
called  self-si phonage.  A  more  common  form  of 
trap  siphonage  in  defective  work,  is  where  two  or 
more  fixtures  connect  with  the  same  waste  pipe,  as 
shown  in  Fig.  199.  In  such  cases,  the  seal  of  the 
lower  fixture  is  more  apt  to  be  broken  by  the  dis- 
charge of  the  upper.  The  falling  column  of 
water  leaves  behind  it  a  partial  vacuum  in  the  soil 
pipe;  and  the  outer  air  tends  to  rush  into  the  pipe 
through  the  way  of  least  resistance,  which  is  often 
through  the  trap  seal  of  the  fixture  below  The 
friction  of  the  rough  sides  of  a  tall  soil-pipe,  even 

though  it  be  open  at  the  roof,  opposed  to  the 

flow  of  air  through  it,  will  sometimes  offer  more 

resistance  than  the  trap  seals  of  the  fixtures,  with 

the  result  that   the  seals  are  broken,  and  gases 

from  the  drain  are  free  to  enter  the  building. 

Kinds  of  Traps.    The  kinds  of  fixture  traps 

are  innumerable.     They  can  be  divided  into  two 

general  classes— those  that  seal  with  ivaier  only,  and  those  that  have 

a  mechanical  seal  as  an  adjunct  to  that  of  the  water.     These  may 

be  again  divided  into  plain  and  anii-siphoning  classes. 

The  trap  having  no  concealed  partitions  and  with  all  its  walls 

exposed  to  view,  is  best.     If  the  water  leaks  through  the  wall,  its 

defectiveness  is  evident,  and  the  annoyance  from  the  leak  suggests 

repairing. 

Of  the  simple  loater-seal  fixture  traps,  the  open-walled  draim 
lead  is  used  for  ordinary  work.  It  can  be  had  with  equal-length  arms 
or  with  extended  inlet  or  outlet,  so  as  to  reach  from  fixture  to  floor  or 


Fig.  199.  Two  Un- 
Tenied  Fixtures  Con- 
nected toSame  Waste 
Pipe,  Causing  Self- 
Siplionage. 


36P 


146 


PLUMBING 


wall  without  a  piece  of  intermediate  pipe.  The  form  shown  by  full 
lines  in  Fig.  200  represents  a  full  "S"  pattern.  When  the  ends  are 
bent  as  per  dotted  lines  A  and  C,  the  trap  is  called  a  running  trap; 


Fig.  200.    "S"-Pattern  Trap. 


Fig.  201.    A  Bag  Trap. 


when  the  ends  are  at  D  and  C,  it  is  said  to  be  a  half-S  or  P  trap; 
when  the  ends  are  set  as  at  D  and  E,  it  is  called  a  f-5  trap.  F  is  a 
clean-out  screw  for  emptying  and  cleansing.  The  distance  represented 
by  X  should,  in  a  trap  for  ordinary'  purposes,  be  ^  to  2  inches,  according 
to  size.  Frequently  this  distance,  which  constitutes  the  water-lock, 
is  much  reduced ;  and  sometimes  the  trap  is  unsealed  by  the  plumber 
stretching  its  bends  in  order  to  reach  some  faulty  roughing-in. 

In  buildings  where  the  plumbing  may  be  left  unused  for  weeks 
from  time  to  time,  as  is  likely  in  rented  houses,  deep-seal  traps,  or 

those  with  mechanical  seals  also,  should  be 
used.  This  point  is  not  so  important  in  de- 
tached houses  or  those  rented  to  one  family 
only  at  a  time,  since,  when  a  family  moves 
out,  there  is  no  one  to  suffer.  But  in  flat 
buildings,  where  some  of  the  flats  may  be 
vacant  for  a  time  sufficient  for  an  ordinary 
seal  to  be  broken  while  other  families  are 
living  in  the  house,  deep-seal  traps  are  more 
essential. 

Fig.  201  shows  what  is  termed  a  bag 
trap,  made  to  bring  the  inlet  and  outlet  in  the 
same  vertical  line.     These  traps  are  inter- 
changeable with  any   others   with   straight-line  outlet — for  instance, 
as  shown  in  Fig.  204. 

An  open-wall  trap  partly  cast  and  partly  tubing,  generally  made 


Fig.  202.     Open-Wall  Trap 
Partly  Cast. 
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Fig.    203, 


Common   Lead 
Di-um  or  Pot  Ti'ap. 


of  brass,  is  shown  in  Fig.  202,  the  vent  connection  to  wall  being  at  A. 
This  form  of  trap  generally  has  a  swivel-joint  at  B,  which  is  below  the 
water  line,  so  that  the  body  may  be  swiveled  to  meet  roughing-in 
openings  in  any  direction  within  two  diam- 
eters of  the  line  of  fixture  outlet.  The  bag 
form  shown  is  most  convenient  for  D-shape 
or  standing  waste  bowls  which  present  the 
outlet  comparatively  near  the  wall.  The 
regular  "S"  of  this  type  suits  bowls  with 
center  outlet,  and  will  reach  a  wider  range 
of  variation  in  roughing-in. 

Fig.  203  shows  a  common  lead  drum  or 
pot  trap,  most  convenient  to  the  plumber.  It 
is  furnished  without  openings,  and  the  plumber  makes  bends,  and 
wipes-in  his  inlet  and  outlet  at  points  in  the  circumference  most  con- 
venient to  reach  the  fixture  opening.     A  is  the  screw-top  ckan-out; 

and  B,  the  wrench-face  for  turning  it. 
The  trap  is  furnished,  when  desired, 
with  nickel-plated  brass  flanged  cover, 
as  shown  at  C,  to  screw  on  at  the  floor- 
level.  F  is  ordinarily  the  outlet,  the 
inlet  being  wiped-in  near  the  bottom 
to  give  it  the  water-lock.  This  is  not 
proper,  however,  as  it  puts  the  sewer 
air  against  the  clean-out  cover,  which 
might  leak  gases  into  the  building 
without  betraying  any  evidence  of  its 
defectiveness  by  water  leaka'ge.  To  be 
strictly  correct,  F- should  be  the  inlet; 
and  the  outlet,  in  the  shape  of  an  off- 
set, or  that  of  an  inverted  P-trap  with- 
out the  trap-screw,  should  be  wiped- 
in  near  the  bottom  in  a  way  to  retain 
the  proper  seal  and  thus  bring  the  sewer 
air  against  the  water-seal  instead  of  the 
clean-out  cover. 
Traps  that  retain  their  seals  by  means  of  interior  weirs  are  of 
doubtful  character,  even  at  their  best ;  none  but  well-tested  cast-brass 


Fig.  204.    Section  of  Flask  or  Atlas 
Trap,  with  Two  Interior  Weirs. 
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Fig.  205.    Bath  Trap  with 
Submerged  Inlet. 


■traps  of  such  a  pattern  should  ever  be  installed.     Fig.  204  is  a  section 

of  a  flask  or  Atlas  trap,  with  vent, 
usually  made  of  cast  brass  and  de- 
pending upon  two  interior  weirs  to 
form  the  seal,  one  retaining  the 
w^ater,  and  the  other  dipping  into  the 
water  to  prevent  sewer  air  from  get- 
ting into  the  house  through  the  fix- 
ture. If  the  water  weir  of  such  a 
trap  becomes  defective,  there  is  no 
evidence  except  odors  by  which  the 
occupants  may  discover  it.  If  the 
dipping  weir  is  defective  the  value 
of  the  water  seal  is  nil.     In  either 

oase  the  trap  is  no  barrier  to  the  admission  of  drain  air  to  the  house. 
Fig.  205  illustrates  a  form  of  trap 

suitable  for  use  with  baths.     It  has 

a  submerged  inlet  connection  which 

is  expanded  so  that  the  flow  enters 

the  trap  at  a  dipping  angle  which 

produces    a    swirl    with    cleansing 

effect.    The   extension   collar  A   is 

made   so   that    the   screw-cover    B 

forms  the  ga.sket  joint  below  the 

water-level.  The  method  of  pro- 
viding the  outlet  in  this  trap  makes 

it  open  to  the  same  objection  raised 

in  connection  with  Fig.  203.    This 

form,  however,  has  the  merit  of  being 

accessible  for  inspection  without  dis- 
turbing its  ser\'ice,  which  is  impos- 
sible  with  the  flask  pattern  shovm 

in  Fig.  204. 

The    lavatory   trap    shown    in 

Fig.  20G,   has  an   interior   weir  as 

shown  at  A ;  but  the  wall  is  doubled   ^^f..^^^  ^^^r"' w"ei?[s  SoTiwlwaTielr 

in  such  a  way  as  to  betray  defec-  to  Betray  Leakage. 

tiveness  by  water  leakage.     It  is  made  of  cast  metal,  and  is  furnished 
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Fig.    207.    Trap    with   Me- 
chanical Seal  Acting  by 
Flotation. 


higher  level. 


with  either  glass  or  metal  dome.  The  strong  point  claimed  for  this 
trap  is  the  cleansing  effect  obtained  bv  the  flange  extension  of  the 
exit,  as  shown  at  A,  deflecting  some  of  the 
water,  which,  together  with  the  swirling  effect 
produced  by  the  tangential  inlet,  makes  the 
trap  self-cleansing. 

Of  the  traps  having  a  mechanical  seal  sup- 
plementing the  water-lock,  Fig.  207  is  a  specific 
t\'pe.  The  mechanical  valve  D  is  a  rubber  ball, 
lighter  than  an  equal  bulk  of  water,  playing  in  ^ 
the  cup  C.  It  acts  by  flotation,  and  presses  up 
against  the  inlet  A  with  a  force  equal  to  the  dif- 
erence  in  weight  of  the  ball  and  the  water  it  dis- 
places. The  body  is  generally  made  of  lead; 
and  the  cup  of  glass,  with  screw-joint  and 
gasket  at  F.  This  trap  is  proof  against  back- 
water; and,  in  case  the  waste  line  becomes  choked  below,  will  pre- 
vent a  fixture  from  flooding  even  when  others  are  discharged  at  a 
It  has,  however,  several  faults  that  counterbalance  its 
merits.  The  inlet  is  open  to  the 
same  criticisms  that  an  interior  wall 
of  any  other  trap  would  be;  the  an- 
nular space  at  R  accumulates  filth; 
and  the  mechanical  seal  is  worthless 
when  most  needed — that  is,  in  the 
absence  of  the  water-seal. 

Another  mechanical  seal  trap, 
shown  in  Fig.  208,  is  the  exact  oppo- 
site of  the  previous  example.  The 
ball  sinks  by  gravity,  and  effects  a 
mechanical  seal  even  when  the  water 
seal  is  absent.  This  trap  is  not  so 
easily  siphoned  as  a  plain  trap.  It 
has  a  clean-out  screw,  and  can  be  had 
with  vent  opening.  Air  from  the 
sewer  side  acts  against  the  clean-out 
cap  through  which  access  is  had  to  the  ball,  and  there  are  interior 
walls  to  become  defective  with  little  chance  of  discovery  in  practice. 


Fig.  208.    Trap  with  Mechanical  Seal 
Acting  by  Gravity. 
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A  combined  mechanical  and  water-seal  trap  is  shown  in  Fig.  209, 
in  which  2)  is  a  hollow,  flexible  ball  inclosing  a  metal  ball  D^,  thus 
giving  a  resilient  seating  surface  that  finds  its  place  by  gravity  in 
water.  The  arrangement  is  proof  against  back-water,  and  the 
mechanical  seal  is  positive  without  the  aid  of  water.  A  represents 
the  basin;  B,  the  basin  coupling;  C,  the  valve  seat;  F,  a  glass  cylinder 
body;  and  GG,  a  clamp  with  thumb-screw  G\  for  clamping  the 
cylinder  body  in  place.  This  trap  holds  a  large  amount  of  water,  and 
is  not  likely  to  become  unsealed  from  lack  of  use,  as  part  of  the  seal 

is  protected  by  the 
ball,  and  should  the 
water  evaporate, 
the  mechanical  seal 
is  still  effective. 
There  are  no  in- 
terior walls  through 
which  the  trap 
could  lose  its  seal 
without  betraying 
the  fact  by  leakage. 
Generally  speaking, 
mechanical  seals  in 
fixture  traps  cannot 
be  depended  upon. 
Anti-siphoning 
traps  are  a  blessing 
in  instances  where  pipe  ventilation  is  difficult.  It  would  be  better  to 
have  none  of  them,  however,  than  to  attempt  to  supplant  pipe  venti- 
lation by  their  use  to  any  great  extent. 

It  would  be  impossible  here  to  consider  the  whole  list  of  traps 
individually  in  an  adequate  manner.  What  has  been  said  should  be 
enough  to  enable  one  by  careful  study  to  decide  each  case  intelligently 
upon  its  merits.  IMany  special  traps  are  deserving  of  more  favor 
than  is  generally  shown  them.  It  is  the  fear  of  seeming  to  indorse  the 
horde  of  cheap  competitive  articles  that  causes  many  to  ignore  alike 
the  good  and  bad.  This  fear  is  well  grounded.  The  wolves  will  creep 
in  if  the  door  is  opened  at  all. 

Loss  of  Traps  Seals.    Traps  may  lose  their  seals  in  six  ways — by 


Fig.  209.    Trap  with  Combined  Water-Seal  and  Gravity- 
Acting  Mechanical  Seal. 
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waving  out,  by  capillary  action,  by  leakage,  by  evaporation,  by  siphon- 
age,  and — if  the  use  of  an  unusual  term  be  permissible — by  impella- 
tion.  The  first,  with  its  cause,  has  been  described  (see  page  117).  The 
last,  like  waving  out,  is  caused  by  air-pressure,  but  on  the  house  side 
instead  of  the  sewer  side  of  the  trap.  It  occurs  most  frequently  in 
intercepting  traps  where  the  fresh-air  inlet  has  been  connected  too  far 
from  the  trap,  thus  allowing  heavy  discharges  of  water  and  storm 
floods  to  compress  the  air  between  the  fresh-air  inlet  and  the  trap. 
This  action  is  of  little  consequence  when  so  caused,  as  there  is  abun- 
dance of  water  to  re-establish  the  seal.  Its  mention,  however,  suggests 
that  a  portion  of  the  pipe  is  left  unventilated  by  connecting  the  inlet 
too  far  from  the  trap.  This  error  is  usually  made  with  good  intention, 
because  the  foul-air  outlet  and 
fresh-air  inlet  are  often  made  in  the 
trap  proper  and  are  therefore  too  -^ 
close  together  to  pipe  to  the  surface 
directly.  There  is  a  singular  instance 
on  record,  of  a  trap  having  its  seal 
broken  by  pressure  on  the  house 
side — not  from  pressure  of  air  in 
the  pipe,  but  of  that  in  the  room 
into  which  the  trap  seal  opened. 
This  was  a  water-closet  in  a  tight, 
unventilated  compartment  in  a  pri- 
vate house.  Odors  were  often  present  which  no  one  could  account 
for.  The  job  was  new  and  first-class.  The  house  was  well  built — 
too  well.  After  many  others  had  failed  to  diagnose  the  trouble,  a 
plumber  with  some  philosophy  in  his  make-up  examined  the  job.  He 
stood  in  the  hall,  and  slammed  the  closet-room  door.  It  failed  to  latch, 
the  room  being  so  tight  that  the  air-pressure  kept  it  from  seating 
on  the  rabbet  of  the  frame.  The  door,  of  course,  was  instantly  thrown 
partly  open  again  by  expansion  of  the  air,  and  the  plumber  caught 
a  glimpse  of  the  water  in  the  closet-bowl  bobbing  up  and  dowTi.  By 
repeating  the  experiment  and  measuring  the  depth  of  water  between 
times,  he  discovered  that,  as  suspected,  the  sudden  closing  of  the  door 
of  the  small,  tight  room  was  thrusting  the  water  down  in  the  bowl  and 
causing  enough  to  flow  over  into  the  soil  pipe  to  break  the  seal.  The 
trouble  was  remedied  by  cutting  h  inch  off  the  door  at  the  bottom. 


Fig.  210.    Foreign  Matter  (Lint.  Strings, 

etc.)  Causing  Capillary  Loss 

of  Trap  Seal. 
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Evaporation  has  been  described  elsewhere.  Leakage  of  seals  has 
been  mentioned  in  conjunction  with  types  of  fixture  traps.  Siphon- 
age  of  traps  is  simple.  The  conditions  necessary  to  start  a  common 
siphon  being  established  in  a  waste  pipe,  the  seal  will  be  drawn 
out.  The  discharge  of  water  from  a  fixture  will  siphon  its  trap 
(self-siphonage),  if  no  provision  against  siphonage  is  made.  The 
crow^n  vent  pipe,  as  described,  breaks  the  siphon  in  a  trap  when  its 
fixture  is  discharging,  and  prevents  other  fixtures  from  siphoning  or 
waving  out  the  seal.  Capillar}^  loss  of  seal  occurs  through  hair,  lint, 
and  strings  hanging  over  the  weir  of  the  trap.     Dipping  into  the  seal 

on  one  side,  and  ending  in  the  pipe  on  the 
other,  water  will  climb  through  or  between 
such  matter  by  capillary  force,  and  will  drip  by 
gravity  into  the  pipe.  This  is  indicated  by 
the  tangled  lines  at  R,  Fig.  210,  represent- 
ing capillary  material  hanging  over  the  outlet 
neck  D  of  the  trap.  The  trap  indicated  is  for 
a  lavatory  with  horn  overflow  bowl,  V  being 
the  overflow  connection,  I  the  waste,  B  the 
crown  vent,  and  0  the  outlet.  Traps  are  some- 
times locally  vented  at  V. 

Materials  forming  a  porous  coating  on  the 
inner  walls  of  the  trap  through  chemical  action 
wiS;1ip"rovis\on^is^MadTfor  or  otherwise,  are  now  and  then  responsible  for 

Flushing  and  Cleaning  Off-     ,i       i  e         ±  i   i  ••  e  -u 

set  Vent  Whenever  Neces-  the  ioss  01  water-scal  by  action  01  a  Capillary 

nature.  The  shape  of  a  trap  may  favor  the 
accumulation  of  matter  that  will  lead  to  capillaiy  loss  of  seal. 
This  is  one  reason  why  the  plain,  open-wall,  cylindrical-bore  traps 
are  best.  It  is  found  that  no  matter  how  the  trap  is  shaped,  its 
surface  is,  as  a  rule,  not  used  except  at  the  points  which  conform 
to  the  simplest,  most  direct  course — as  before  said.  Other  shapes, 
then,  present  needless  fouling  surface  and  space  for  accumulation 
of  matter  that  interferes  with  the  proper  service  of  the  trap.  De- 
parture from  the  shape  mentioned  is  necessaiy  to  secure  an  unvented 
trap  that  cannot  be  siphoned.  Any  trap  that  must  necessarily 
be  connected  so  as'to  put  the  air  of  the  sewer  side  against  the  gasket 
of  the  clean-out  cap,  should  not  be  used. 

A  difficulty  common  to  venting  the  general  run  of    plumbing 
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fixtures,  is  presented  by  the  fact  that  to  crown-vent  the  trap  prohibits 
sufficient  immediate  vertical  rise  of  the  crown  vent  to  get  above  the 
fixture  overflow-level,  without  making  an  offset  in  the  vent,  which,  in 
case  of  stoppage  of  the  waste,  favors  choking  of  the  vent  in  the  offset  by 
matter  floated  into  it  as  a  consequence  of  the  stoppage.  A  plan 
providing  for  flushing  of  the  vent  at  will,  is  shown  in  Fig.  211 ,  a  sanitary 
tee  branch  being  placed  in  the  vent  above  the  level  of  the  sink  or 
lavatory  back,  as  shown  at  A,  and  closed  by  nickel-plated  trap-screw 
cover  B  at  the  face  of  the  finished  wall.  In  this  way,  by  removing 
cover  B,  a  wire  can  be  run  through  to  the  trap-screw  clean-out,  and 
the  offset  portion  thiis  cleaned;  and,  if  necessary,  it  can  be  flushed  by 
injecting  water  at  B  with  a  hose  or  funnel. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service,  or 
Engineer's  License.  In  some  cases  numerical  answers 
are  given  as 'a  further  aid  in  tliis  work. 
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1.  What  advantage  does  indirect  steam  heating  have  over 
direct  heating?     What  advantages  over  furnace  heating? 

2.  What  are  the  causes  of  heat  loss  from  a  building? 

3.  Why  is  hot  water  especially  adapted  to  the  warming  of 
dwellings? 

4.  What  proportion  of  carbonic  acid  gas  is  found  in  outdoor  air 

under  ordinary  conditions? 

5.  A  room  in  the  N.  E.  corner  of  a  building  of  fairly  good  con- 
struction is  18  feet  square  and  10  feet  high;  there  are  5  single  windows, 
each  3  by  10  feet  in  size.  The  walls  are  of  brick  12  inches  in  thickness. 
With  an  inside  temperature  of  70  degrees,  what  will  be  the  heat  loss 
per  hour  in  zero  weather? 

G.  State  four  important  points  to  be  noted  in  the  care  of  a  fur- 
nace. 

7.  A  grammar  school  building,  constructed  in  the  most  thor- 
ough manner,  has  4  rooms,  one  in  each  corner,  each  being  30  ft.  by 
30  ft.  and  14  ft.  high,  and  seating  oO  pupils.  The  walls  are  of  wooden 
construction,  and  the  windows  make  up  ^  of  the  total  exposed  surface. 
The  basement  and  attic  are  warm.  How  many  pounds  of  coal  will  be 
required  per  hour  for  both  heating  and  ventilation  in  zero  weather,  if 
8,000  B.  T.  U.  are  utilized  from  each  pound  of  coal? 

8.  What  two  distinct  types  of  furnaces  are  used?  WTiat  are 
the  distinguishing  features? 

9.  What  is  meant  by  the  efficiency  of  a  furnace?  "\Miat  effi- 
ciencies are  obtained  in  ordinary  practice? 
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10.  "What  are  the  principal  parts  of  a  furnace?  State  briefly 
the  use  of  each. 

11.  A  brick  liouse  of  the  best  construction,  20  ft.  by  40  ft.,  has 
3  stories,  each  10  feet  high.  The  walls  are  12  inches  in  thickness; 
and  \  the  total  exposed  wall  is  taken  up  by  windows,  which  are  double. 
The  basement  is  warm,  but  the  attic  is  cold.  'Vhe  house  is  to  be 
warmed  to  70  degrees  when  it  is  ten  degrees  below  zero  outside.  How 
many  square  feet  of  grate  surface  will  be  r('(|uired,  assuming  usual 
efficiencies  of  coal  and  furnace? 

12.  A  high  school  is  to  l)e  provided  with  tubular  boilers.  What 
H.  P.  will  be  required  for  warming  and  ventilation  in  zero  weather  if 
there  are  600  occupants,  and  the  heat  loss  through  walls  and  windows 
is  1,500,000  B.  T.  U.  per  hour? 

13.  What  are  the  three  essential  parts  of  any  heating  system? 

14.  Is  direct-steam  heating  adapted  to  the  warming  of  school- 
houses  and  hospitals?     Give  the  reason  for  your  answer. 

15.  The  heat  loss  from  a  dwelling-house  is  280,000  B.  T.  V.  per 
hour.  It  is  to  be  heated  with  direct  steam  by  a  type  of  sectional  boiler 
in  which  the  ratio  of  heating  surface  to  grate  surface  is  28.  What  will 
be  the  most  efficient  rate  of  combustion,  and  how  many  square  feet  of 
grate  surface  will  be  required? 

16.  What  is  the  use  of  a  blow-off  tank?  Show  by  a  sketch  how 
the  connections  are  made. 

17.  How  are  the  sizes  of  single-pipe  risers  computed? 

18.  What  weight  of  steam  will  be  discharged  per  hour  through 
a  6-inch  pipe  300  feet  long,  with  an  initial  pressure  of  10  pounds,  and  a 
drop  of  J  pound  in  its  entire  length? 

19.  What  is  an  air-valve?     Upon  what  principles  does  it  work? 

20.  What  size  of  steam  pipe  will  be  required  to  discharge  2,400 
pounds  of  steam  per  hour  a  distance  of  900  feet,  with  an  initial  pres- 
sure of  60  pounds,  and  a  drop  in  pressure  of  5  pounds? 

21.  What  objection  is  there  to  a  single-pipe  riser  system?  How 
is  this  sometimes  overcome  in  large  buildings? 

22.  What  patterns  of  valves  should  be  used  for  radiators  ? 
What  conditions  of  construction  must  be  observed  in  making  the  con- 
nections between  the  radiator  and  riser? 

23.  The  heat  loss  from  a  shop  is  36,000  B.  T.  U.  per  hour;  how 
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many  linear  feet  of  2-inch  pipe  will  he  retiuired  tO  warm  it,  using  low- 
pressure  steam? 

24.     AVhat  are  meant  hy  wet  and  dry  returns?     Which  is  the 

better,  and  why? 

2.5.  How  many  linear  feet  of  1  ^-inch  pipe  are  recjuired  to  give  off 
tne  same  amount  of  heat  as  a  cast-iron  radiator  having  125  sfjuare  feet 

of  surface? 

2().  What  three  .systems  of  piping  are  commonly  used  in  direct- 
steam  heating?     Describe  each  briefly. 

27.  What  is  a  branch  coiH  What  is  a  trombone  coil't  In  what 
cases  would  you  use  a  trombone  coil  instead  of  a  branch  coil? 

28.  "\\liat  is  meant  by  the  efficiency  of  a  radiator?  Give  average 
efficiencies  of  cast-iron  and  pipe  radiators:  also  of  circulation  coils, 
both  wall  and  ceiling. 

29.  The  heat  loss  from  a  room  is  22,500  B.  T.  U.  in  zero  weather. 
What  size  of  cast-iron  radiator  would  be  required  to  warm  the  room 
when  it  is  twenty  degrees  below  zero?  * 

30.  AMiere  would  you  place  tire  direct  radiation  in  a  schoolroom? 
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1.  How  would  you  obtain  the  sizes  of  the  cold-air  and  warm- 
air  pipes  connecting  with   indirect   heaters  in  dwelling-house. work? 

2.  What  is  an  aspirating  coil,  and  what  is  its  use? 

3.  What  efficiencies  may  be  allowed  for  indirect  heaters  in 
schoolhouse  work?  How  would  you  compute  the  size  of  an  indirect 
heater  for  a  room  in  a  dwelling-house? 

4.  How  is  the  size  of  a  direct-indirect  radiator  computed? 

5.  A  schoolroom  on  the  third  floor  is  to  be  supplied  with  2,400 
cubic  feet  of  air  per  minute.  What  should  be  the  area  of  the  warm- 
air  supply  flue? 

0.  What  is  the  chief  objection  to  a  mixing  damper,  and  how 
may  this  be  overcome? 

7.  How  many  s([uare  feet  of  indirect  radiation  will  be  required 
to  warm  and  ventilate  a  schoolroom  when  it  is  10  degrees  below  zero, 
if  the  heat  loss  through  walls  and  windows  is  42,000  B.  T.  U.,  and  the 
air-supply  120,000  cubic  feet  per  hour? 

8.  What  is  the  dift'erence  in  construction  oetween  a  steam 
radiator  and  one  designed  for  hot  water?  Can  the  steam  radiator 
be  used  for  hot  water?     State  reasons  for  answer. 

9.  How  may  the  piping  in  a  hot-water  system  be  arranged  so 
that  no  air-valves  will  be  required  on  the  radiators? 

10.  What  efficiency  is  commonly  obtained  from  a  direct  hot- 
water  radiator?     How  is  this  computed? 

11.  How  should  the  pipes  be  graded  in  making  the  connections 
with  indirect  hot-water  heaters?.  Where  should  the  air-valve  be 
placed? 
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12.  Describe  briefly  one  form  of  grease  extractor. 

13.  What  is  the  office  of  a  pressure-reducing  valve  in  an  exhaust- 
steam  heating  system? 

14.  Upon  what  principle  does  a  pump  governor  operate? 

15.  What  type  of  pipe  fittings  should  always  be  used  in  hot- 
water  work? 

10.  How  is  the  water  of  condensation  returned  to  the  boilers 
in  exhaust  steam  heating? 

17.  How  many  cuV)ic  feet  of  air  per  hour  will  be  discharged 
through  a  flue  2  feet  by  3  feet,  and  60  feet  high,  if  the  air  in  the  flue 
lias  a  temperature  of  SO  degrees  and  the  outside  air  60  degrees? 

18.  In  a  hot-water  heating  system,  what  causes  the  water  to  flow 
through  the  pipes  and  radiators?  How  does  the  height  of  the  radiator 
above  the  boiler  aft'ect  the  flow? 

19.  What  precaution  should  always  be  taken  before  starting 
a  fire  under  a  steam  boiler? 

20.  What  is  the  free  opening  in  square  feet  through  a  register  24 
inches  by  48  inches? 

21.  Why  are  return  pumps  or  return  traps  necessary  in  exhaust- 
steam  heating  plants? 

22.  Wliat  efficiency  may  be  obtained  from  indirect  hot-water 
radiators  under  usual  conditions?  W'hat  is  the  common  method  of 
computing  indirect  hot-water  surface  for  dwelling-house  work? 

23.  State  briefly  how  a  return  trap  operates. 

24.  What  is  the  use  of  an  expansion  tank,  and  what  .should  be 
its  capacity? 


25. 


Describe  the  action  of  one  form  of  damper  regulator. 


26.  What  is  the  principal  difference  between  a  hot-water  heater 
and  a  steam  boiler?  What  type  of  heater  is  best  adapted  to  the 
warming  of  dwelling-houses? 

27.  Upon  what  four  conditions  does  the  size  of  a  pipe  to  supply 
any  given  radiator  depend?  ^ 

28.  What  is  the  use  of  an  exhaust  head? 

29.  A  hospital  ward  requires  60,000  cubic  feet  of  air  per  hour 
for  ventilation,  and  the  heat  loss  through  walls  and  windows  is  140,000 
B.  T.  U.  per  hour.  How  many  square  feet  of  indirect  steam  radiation 
will  be  required  in  zero  weather? 

30.  For  what  purpose  is  a  back-pressure  valve  used? 
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3L  A  hospital  ward  is  warmed  by  direct  steam  heat,  and  it  is 
desired  to  add  ventilation  by  using  indirect  radiators  for  warming  the 
air-supply.  The  ward  has  20  occupants.  How  many  square  feet  of 
indirect  surface  will  be  required  when  it  is  10  degrees  below  zero, 
allowing  an  efficiency  of  060? 

32.  A  first-floor  classroom  in  a  high  school  has  40  pupils.  How 
many  square  feet  area  should  the  vent  flue  have? 

33.  A  private  grammar  school  room  having  15  pupils  is  heated 
by  direct  hot  water.  It  is  decided  to  increase  the  size  of  boiler  and  to 
introduce  ventilation  by  means  of  indirect  hot-water  radiation.  How 
many  more  square  feet  of  grate  surface  will  be  required  in  the  new 
boiler  for  zero  weather? 

34.  What  are  some  of  the  methods  employed  for  the  general  air- 
ventino;  of  a  svstem  of  hot-water  heatino;? 

35.  The  rooms  in  a  certain  corner  of  a  10-story  office  building 
are  of  uniform  size  on  each  floor.  The  building  is  heated  with  direct 
hot  water,  having  an  overhead  distribution.  The  series  of  rooms 
mentioned  are  heated  from  a  single  supply  drop,  and  the  return  from 
each  radiator  is  connected  into  the  same  drop.  If  the  room  on  the 
10th  floor  requires  a  radiator  having  100  square  feet  of  surface,  what 
should  be  the  size  of  the  radiator  on  the  first  floor? 

36.  A  building  contains  40,000  square  feet  of  direct  radiation, 
and  is  to  be  heated  with  forced  hot-water  circulation.  The  circuit 
main  is  500  feet  in  lenn^th  and  has  10  lonjj-turn  elbows.  Assumins: 
a  drop  in  temperature  of  40°,  a  velocity  of  flow  of  4S0  ft.  per  minute, 
and  a  friction  head  of  between  30  and  40  feet,  what  size  of  main  will 
be  required,  and  what  horse-power  will  be  required  to  drive  the  pump? 
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REVIEW     QUESTIO:S^S 

<)  ^.-      T  II   K      S  IT  B  .T  E  C"  T      OF 

HEATIXG    AXD  VEXTILATIOX. 

P  A  K  T     I  I  I  . 


1.  A  main  heater  contains  1,040  square  feet  of  heating  surface 
made  up  of  wrought-iron  pipe,  and  is  used  in  connection  with  a  fan 
which  dehvers  528,000  cubic  feet  of  air  per  hour.  The  heater  is  20 
pipes  deep,  and  has  a  free  area,  between  the  pipes,  of  11  square  feet. 
If  air  is  taken  at  zero,  to  what  temperature  will  it  be  raised  with  steam 
at  5  pounds'  pressure. 

2.  An  8-foot  fan  used  for  schoolhouse  ventilation  runs  at  a 
speed  of  124  r.  p.  m.  AMiat  horse-power  of  engine  is  required  ?  AMiat 
horse-power  would  be  required  if  the  fan  were  speeded  up  to  134 . 6 

r.  p.  m.y 

3.  What  precaution  must  be  taken  in  connecting  the  radiators 

in  tall  buildings? 

4.  Give  the  size  of  heater  from  Table  XXXI  which  will  be 
required  to  raise  672,000  cubic  feet  of  air  per  hour,  from  10°  below 
zero  to  95°,  with  a  steam  pressure  of  20  pounds.  If  the  air-quantity 
is  raised  to  840,000  cubic  feet  per  hour  through  the  same  heater,  what 
will  be  the  resulting  temperature  with  all  other  conditions  the  same? 

5.  A  fan  running  at  150  revolutions  produces  a  pressure  of  h 
ounce.     If  the  speed  is  increased  to  210  revolutions,  what  will  be  the 

resulting  pressure? 

6.  A  certain  fan  is  delivering  12,000  cubic  feet  of  air  per  minute, 

at  a  speed  of  200  revolutions.  It  is  desired  to  increase  the  amount  to 
18,000  cubic  feet.  ^Miat  will  be  the  required  speed?  If  the  original 
power  required  to  run  the  fan  was  4  H.  P.,  what  will  be  the  final  power 
due  to  the  increased  speed? 

7.  What  size  fan  will  be  recjuired  to  supply  a  schoolhouse 
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having  300  pupils,  if  each  is  to  be  provided  with  3,000  cubic  feet  of 
air  per  hour?  What  speed  of  fan  will  be  required,  and  what  II.  P.  of 
engine? 

S.  What  advantages  has  the  plenum  method  of  ventilation  over 
the  exhaust  method? 

9.  A  church  is  to  be  warmed  and  ventilated  bv  means  of  a  fan 
and  heater.  The  air-supply  is  to  be  300,000  cubic  feet  per  hour. 
The  heat  loss  through  walls  and  windows  is  200,000  B.  T.  U.,  when  it 
is  zero.  How  many  square  feet  of  heating  surface  will  be  required, 
and  how  many  rows  of  pipe  deep  must  the  heater  be,  with  steam  at  5 
pounds'  pressure? 

10.  A  schoolhouse  requiring  000,000  cubic  feet  of  air  per  hour 
is  to  be  supplied  with  a  cast-iron  sectional  heater  of  the  pin  type.  How 
many  square  feet  of  radiating  surface  will  be  required  to  raise  the  air 
from  10°  below  zero  to  70°  above,  with  a  steam  pressure  of  10  pounds? 

11.  What  velocities  of  air-flow  in  the  main  duct  and  branches 
are  commonly  used  in  connection  with  a  fan  system? 

12.  A  main  heater  is  to  be  designed  for  use  in  connection  with 
a  fan.  How  many  square  feet  of  radiation  will  be  required  to  warm 
1,000,000  cubic  feet  of  air  per  hour,  from  a  temperature  of  10°  below 
zero  to  70°  above,  with  a  steam  pressure  of  5  pounds  and  a  velocity 
of  800  feet  per  minute  between  the  pipes  of  the  heater?  How  many 
rows  of  pipe  deep  must  the  heater  be? 

13.  State  in  a  brief  manner  the  essential  parts  of  a  system  of 
automatic  temperature  control. 

14.  What  advantage  does  an  indirect  steam-heating  system  have 


over  furnace  heating  in  schoolhouse  work? 

15.  The  air  in  a  restaurant  kitchen  is  to  he  changed  every  10 
minutes  by  means  of  a  disc  fan.  The  room  is  00  by  30  by  10  ftH>t. 
Give  size  and  speed  of  fan,  and  H.  P.  of  motor. 

16.  What  forms  of  heating  are  best  adapted  to  the  warming  of 
apartment  houses? 

17.  Give  an  approximate  method  for  finding  the  heating  surface 
required  for  greenhouses,  both  for  steam  and  hot  water. 

18.  How  does  the  cost  of  electric  heating  compare  with  that  by 
steam  and  hot  water? 

19.  Describe  briefly  the  construction  of  an  electric  heater,  and 
the  principle  upon  which  it  works. 
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20.  A  school  building  of  4  rooms  is  to  be  supplied  with  600,000 
cubic  feet  of  air  per  hour.  The  heat  loss  from  the  building  is  300,000 
B.  T.  U.  per  hour  in  zero  weather.  Give  the  square  feet  of  grate  sur- 
face required  in  the  furnaces. 

21.  "What  is  a  double-duct  system  as  applied  to  forced-blast 
heating?     AMiat  are  its  advantages? 

22.  What  is  a  thermostat?  Give  the  principles  upon  which  two 
different  kinds  operate. 

23.  Describe  briefly  the  connections  to  be  made  in  a  system 
of  electric  heating.  In  what  way  do  they  correspond  to  the  piping 
in  a  svstem  of  steam  heating? 

24.  State  certain  points  to  be  observed  in  the  introduction  of 
air  for  the  ventilation  of  churches  and  theaters. 

25.  A  shop  100  feet  long,  50  feet  wide,  and  having  5  stories, 
each  10  feet  high,  is  to  be  warmed  by  forced  blast  using  steam  at  SO 
pounds'  pressure.  The  full  amount  of  air  passed  through  the  heater 
is  to  be  taken  from  out  of  doors,  and  the  entire  air  of  the  building: 
changed  3  times  an  hour.  Give  linear  feet  of  1-inch  pipe  required 
for  heater,  and  size  of  fan  and  engine. 

26.  In  what  cases  would  you  use  a  disc  fan  in  preference  to  a 
blower? 

27.  The  heat  loss  from  a  room  is  12,000  B.  T.  U.  per  hour. 
How  many  kilowatt-hours  will  be  required  to  furnish  the  necessary 
heat? 

28.  What  is  one  of  the  best  systems  for  the  heating  and  venti- 
lation  of  school  buildings  of  large  size? 

29.  "\Miat  form  of  heating  system  w^ould  you  recommend  for  a 
four-room  school? 

30.  A  factory  250  feet  long  by  50  feet  wide  has  two  stories,  each 
10  feet  high.  Each  floor  is  to  have  a  separate  fan  and  heater,  but  the 
fans  are  to  be  driven  by  the  same  electric  motor.  The  lower  floor  is 
to  be  supplied  with  air  from  out  of  doors,  and  is  to  have  a  complete 
change  of  air  every  20  minutes.  On  the  upper  floor  the  air  is  to  be 
returned  to  the  heater  from  the  room,  and  the  entire  contents  is  to 
pass  through  the  heater  every  20  minutes.  Exhaust  steam  is  to  be 
used  in  both  heaters.     Give  sizes  of  fans,  heaters,  and  motor. 

31.  ^\Tiat  is  a  telethermometer? 

32.  Describe  two  methods  of  moistening  air. 
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ON     THK     SUBJECT     OF 

PLUMBING. 

PART    I. 


1.  Under  what  conditions  is  a   spring  of  water  available  foi 
house  supply? 

2.  What    methods  are    adopted    of    supplementing  municipal 
service  in  case  of  insufficient  pressure? 

3.  What  are  the  essential  requirements  of  a  gootl  lainidry  tray? 

4.  What  do  you  consider  the  poorest  types  of  water-closets? 

5.  \Miat  are  the  general  methods  of  supplying  buildings  with 
water? 

C.  How  far  should  the  bottom  of  a  cistern  be  below  the  cylinder 
of  an  ordinary  house  suction  pump? 

7.  How  is  siphonic  eduction  effected  in  the  case  of  range  closets? 
Illustrate  by  diagram. 

8.  Describe  the  part  played  by  lead  in  modern  plumbing. 

9.  What  is  a  pneumatic  siphon  closet?  Give  diagram. 

10.  How  can  an  open-trough  range  closet  be  satisfactorily  ven- 
tilated? 

1 1 .  How  can  supply  to  tanks  be  automatically  regulated  ? 

12.  AMien  is  a  hydraulic  ram  available  for  house  supply? 

13.  Describe  the  various  kinds  of  bathtub  supply  and  waste 
fittings. 

14.  What  are  the  advantages  or  disadvantages  of  the  combined 
hopper  and  trap  and  the  wash-out  types  of  closets?  Illustrate  by  free- 
hand sketches. 

15.  Classify  bathtubs  (1)  according  to  material;  (2)  according  to 
shape.  Illustrate  the  shapes  by  freehand  sketches.  Discuss  the  relative 
merits  of  the  different  classes  of  bathtubs. 
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ON     THE      SXTB.TECT      OF 

PLUMBING. 

PART     II  . 


1 .  Describe  the  essential  features  of  a  stove  or  range  connection 

of  a  reservoir. 

2.  Explain  the  principle  of  the  Bunsen  burner.  What  applica- 
tion floes  it  have  in  connection  with  lighting  by  gas? 

3.  How  many  square  feet  of  heating  surface  will  be  needed  in  a 
submerged  brass  coil  filled  with  steam  at  7  pounds'  pressure,  to  raise 
the  temperature  of  125  gallons  of  water  per  hour  from  40  degrees  to 
200  degrees? 

4.  What  is  the  cause  of  rumbling  in  a  reservoir? 

5.  What  is  the  object  of  the  siphon  hole  in  the  delivery  pipe  in 


a  reservoir? 


6.  Describe  the  different  classes  of  filters? 

7.  Draw  a  diagram  showing  connections  of  hot-water  reservoir 
(1)  to  a  single  water-back;  (2)  to  two  water-backs  on  different  floors. 

8.  Explain  the  function  of  the  air-chamber  in  a  force  pump. 

9.  A  house  usually  settles  after  being  built.    If  rigid  iron  service 
pipes  are  used,  how  can  the  effects  of  settling  be  avoided? 

10.  How  are  service  pipes  protected  from  frost? 

11.  How  many  square  feet  of  grate  surface  v/ill  be  needed  to  raise 
150  gallons  of  water  per  hour  from  45  degrees  to  one  of  160  degrees? 

12.  What  rules  should  be  observed  in  making  bends  in  pipes? 

13.  What  are  the  salient  features  of  the  direct  system  of  supply? 

14.  Explain  the  working  of  a  common  suction  pump.     Illustrate 

by  diagram. 

•   15.  Name  and  describe  five  kinds  of  gas  burners .  for,  lighting 

purposes. 

16.  When  is  a  lift  pump  necessary?     How  does  it  differ  from  an 

ordinary  suction  pump? 

17.  In  case  of  temporary  stoppage  of  supply,  what  precautions 

should  be  taken? 
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ON      'X"  II  K      SUBJECT      OV 

PLUMBING. 

PART     III. 


1.  Describe  Uyo  types  of  mechanical-seal  traps. 

2.  Draw  rough  sketches  showing  how  ventilating  loop  can 
be  secured  (1)  when  crown  vent  stack  and  waste  stack  stand  close 
together;  (2)  when  these  stacks  are  a  considerable  distance  apart; 
(3)  when  neither  stack  stands  near  the  fixture. 

3.  Under  what  conditions  would  you  recommend  the  use  of 
anti-siphon  traps  in  solving  the  problem  of  ventilation? 

4.  What  is  meant  by  the  "loop"  plan  in  installation  of  waste 
and  vent  stacks? 

5.  How  are  joints  made  between  wrought-iron  and  cast-iron 
soil-pipe? 

6.  Explain  the  principle  of  the  anti-siphon  trap. 

7.  What  considerations  determine  the  size  of  soil  and  waste 
pipes?  What  would  you  consider  proper  sizes  for  a  single  dwelling 
with  two  closets  (1  in  basement  and  1  on  second  floor),  and  with  1 
bath,  1  sink,  1  lavatory,  and  2  laundry  trays? 

8.  W'hen  stacks  lead  through  roof  to  open  air,  how  is  closure 
of.  their  ends  by  hoar  frost  prevented? 

9.  When  fixtures  are  scattered,  how  can  the  necessity  for 
separate  stacks  be  avoided? 

10.  Under  what  general  heads  are  traps  classified?  Illustrate 
by  diagrams  (1)  A  running  trap;  (2)  "S"  trap;  (3)  "P"  trap;  (4) 
"f-S"  trap;  (5)  Bag  trap;  (6)  "Pot"  trap. 

11.  What  is  meant  by  local  ventilation?     Explain  by  diagram. 

12.  How  may  traps  lose  their  seals? 

13.  How  can  danger  of  puffing  of  soil  air  from  fresh-air  inlet 
be  avoided?  .  Give  sketch. 
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In  this  index  the  Volume  number  appears  in  Eoman  numerals 
thus  I  II  III  IV,  etc.,  and  the  Page  number  in  Arabic  numerals  thus 
1,  2,  3,  4,  etc.     For  example,  Volume  IV,  Page  327,  is  written,  IV,  327. 

The  page  number  of  each  volume  tcill  be  found  at  the  bottom  of  the 
page;  the  numbers  at  the  top  refer  only  to  the  section. 
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I.      327 

practical  suggestions 

I.      362 
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Architect  in  his  legal  relations 

quantum  meruit  I,  316 

resort  to  legal  proceedings  I,  336 

statute  of  frauds  I,  323 

torts  I,  339 

imdisclosetl  principal  I,  334 

waiver  I,  329 
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as  regards  settlement  of  dis- 
putes I.  347 
as  to  inspection  I,  348 
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relation  of  architect  to  owner  I.  350 
Architectiu-al  design  VI,  283 
methods  of  study  VI.  283 
putting  ideas  on  paper  VI,  283 
use  of  tracing  paper  VI,  284 
Architectural  drawing                    VI,  229-362 
axes  in  VI,  241 
definitions  VI,  240 
elevations  VI,  241 
plan  VI.  240 
section  VI,  240 
design  VI,  305 
instruments  and  materials  VI,  229 
drawing  boards  VI,  230 
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paper  VI,  231 
pencils  VI,  229 
scales  VI,  232 
set  of  instrimients  VI.  230 
T-squares  VI,  231 
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triangles  VI,  231 
limiting  lines  VI.  245 
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Arcliitectiiral  drawing 

Automatic  measures  for  concrete 

line  drawing 

VI. 

237 

materials 

IV. 

40 

character  of 

VI. 

237 

Automatic  return  piunps 

X. 

140 

colored 

VI, 

240 

Automatic  stop 

V. 

321 

shade 

VI, 

238 

Axes,  importance  of  in  architec- 

measiired work 

VI. 

289 

tural  drawing 

VI. 

241 

modeling  an 

VI. 

248 

oblique  projections 

VI. 

246 

Back  plaster 

I. 

44 

rendering  in  wash 

VI. 

257 

Backed,  definition  of 

III. 

277 

review  questions 

VI. 

293 

Backing 

III. 

316 

Architectural  lettering 

VI,     177 

-226 

definition  of 

III. 

277 

plates 

VI.     225 

.  226 

Backing  of 

Arcliitecture 

hip  rafters 

II. 

112 

classical 

VII. 

254 

valley  rafters 

II. 

115 

definition  of 

VII. 

247 

Back-pressure  valve 

X. 

138 

of  the  Romans 

VIII. 

165 

Balconies 

II. 

130 

Architrave               I,  81;  VIII, 

35,  62;  IX. 

280 

Balloon  frame 

II. 

49 

definition  of 

VII. 

251 

Band  ornament 

VIII. 

74 

Argand  burner 

X. 

329 

Bankruptcy  and  insolvency 

I. 

337 

Argillaceous  stones 

III. 

216 

Barrel  vaults 

II. 

147 

Armored  cable 

IV. 

206 

Barrels  of  Portland  cement  per  cu. 

Arris,  definition  of 

III. 

277 

yd.  of  mortar. 

table 

IV. 

31 

Artificial  stones 

III. 

218 

Base,  details  of 

V. 

236 

Artificial  water  line 

IV. 

154 

Basement  plan 

VI. 

324 

Asbestos  incandescent  grate 

X. 

336 

Bases 

Ash 

II. 

23 

Attic 

VIII. 

85 

Ashlar  backed  with  rubble 

III. 

296 

Ionic 

VIII. 

85 

Ashlar  masonry                       I, 

,135;    III. 

293 

Basilica 

VIII. 

178 

bond  of 

III. 

294 

Basin  feucets 

X. 

251 

mortar 

III. 

293 

Bath  fittings 

X. 

236 

stones 

Ill, 

293 

Bathroom,  design  of 

VI. 

312 

Asphaltic  concrete 

III. 

251 

Baths  of  Diocletian.  Rome 

VIII.  181, 

255 

Aspirating  heaters  and  coils 

IV. 

165 

Bathtubs 

X. 

233 

Assembly  drawing 

VI. 

158 

Bats,  definition  of 

III. 

277 

Astragal  moulding 

VIII. 

69 

Bat's- wing  burner 

X. 

329 

Atmosphere 

Batten  plates 
Batter,  definition  of 

V. 

III. 

195 

277 

composition  of 

X, 

17 

Battered  frames 

II. 

118 

carbonic  acid  gas 

X. 

17 

Bead  ornaments 

VIII, 

79 

nitrogen 

X. 

17 

Beam  anchors 

V. 

101 

oxygen 

X, 

17 

Beam  calculations 

V. 

105 

Attic  and  roof  plan 

VI. 

329 

Beam  compasses 

VI, 

29 

Attic  base 

VIII. 

85 

Beam  formula 

Attic  partitions 

II. 

116 

first 

III. 

75 

Auxiliary  lines  of  measure 

VII. 

105 

second 

III. 

85 

AuxiUary  planes,  use  of 

VII. 

196 

Beam  plates 

V. 

104 
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Beam  separators 

V, 

105 

Blue-print  solution,  formula  for 

VI. 

159 

Beams 

III. 

29 

Blue  printing 

VI 

.  157, 

317 

cantilever 

III. 

29 

Board  measure,  table 

II, 

253 

continuous 

Ill, 

26 

Boiler  connections 

IV.  140 

;  X, 

77 

deflection  of 

III, 

126 

Boiler  fittings 

IV, 

142 

determination  of  reactions  on 

III, 

29 

Boiler  stacks 

IX, 

189 

for  floor 

V, 

16 

Boiler  trimmings 

IV, 

142 

kinds  of 

III. 

91 

Boilers,  capacity  of 

IV. 

142 

lateral  deflection  of 

V. 

36 

Bond,  definition  of 

Ill, 

278 

loads  on 

III. 

62 

Bond  required  in  bars. 

computa- 

problems on 

V, 

109 

tion  of 

IV. 

84 

resisting  shear  of 

III. 

85 

Bonding  old  and  new  concrete 

IV. 

44 

restrained 

Ill, 

29 

Bow  pen 

VI. 

24 

safe  load  of 

III, 

83 

Bow  pencil 

VI. 

24 

simple 

III, 

29 

Box  culverts 

III. 

325 

spandrel 

V. 

13 

Brace  bender 

IX. 

286 

stiffness  of 

III. 

122 

Braced  frame 

II. 

48 

strength  of 

III. 

62 

Braces 

II, 

56 

stresses  at  cross-section 

Ill, 

65 

Bracing  trusses 

V, 

130 

Beams  and  girders 

V. 

99 

Brake 

IX, 

286 

loads 

V. 

99 

elevator 

V, 

320 

determination  of 

V. 

99 

Brass  pipes 

I. 

61 

distribution  of 

V. 

100 

Breaking  loads  of  hollow  tile  arches. 

Bearing  blocks,  definition  of 

Ill, 

277 

table 

V. 

87 

Bearing  partitions 

V, 

14 

Breast'wall,  definition  of 

Ill, 

279 

Bearing  power  of  soils 

V. 

159 

Bremer  arc  lamp 

IV, 

313 

table 

III. 

268 

Brewing  kettle 

IX, 

187 

Bearing  strength  of  plate 

III. 

131 

Brick 

III. 

218 

Bearing  value  of  rivets 

V. 

206 

classification  of 

III. 

221 

Bed-mould 

IX." 

280 

form  or  use 

III. 

222 

Bell,  electric 

IV. 

276 

method  of  moulding 

III. 

221 

Belt  stones  or  courses,  definition  of 

III. 

278 

position  in  kiln 

III. 

221 

Bending,  splices  for 

II. 

47 

color  of 

Ill, 

220 

Bending  moment 

III. 

42 

kinds  of 

maximum 

III. 

50 

arch 

III. 

222 

notation  for 

III. 

43 

clinker 

III. 

222 

Bending  moment  imit 

Ill, 

43 

compass 

III. 

222 

Bevels  to  square  the  wreaths 

II, 

212 

face 

III. 

222 

Bibliography                                  VIII,    306 

-311 

feather-edge 

III. 

222 

Bidet  fixtures 

X. 

243 

hard 

Ill, 

222 

Birch 

II. 

24 

hard  kiln-rvm 

III, 

222 

Black  prints,  formula  for 

VI, 

159 

kiln-run 

III, 

222 

Black  walnut 

II. 

26 

machine-made 

III, 

221 

Blinds 

I, 

303 

pressed 

III, 

221 

Blocking  course,  definition  of 

III. 

278 

re-pressed 

III. 

221 

Blow-off  tank 

X, 

78 

sanded 

III. 

221 
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Bridge  abutments 
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ash 
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butternut 
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elm 

gum 
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24 

24 
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25 


Broad-leaved  trees 

oak 

poplar 

sycamore 
Broiler,  gas 
Broken  ashlar  masonry 
Broken  straight-line  formula  for 

columns 
Brush,  handling  of 
Buckled  plates 
Biiild,    definition   of 
Building 

floors 

laymg  out 

light  framing 

partitions 

roof 

slirinkage  and  settlement  of 

wall 
Building,  structural  elements  of 

bearing  partitions 

enclosing  walls 

floors 

roof 
Building  a  house 

blue-printing 

full-size  details 

letting  the  contract 

sketches 

tracing 

working  drawings 
Building  laws 

table 
Building  specifications 
Building  stone  requisites 

appearance 

cheapness 
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Bailding  superintendence 

Carbonic  acid  gPi,s 

X. 

17 

lathing 

55 

Carcel  lamp 

IV. 

343 

plastering 

57 

Carpenter  wovk 

1.240 

.299 

rejection  of  materials 

14 

Carpentry 

II,   11 

-150 

relations  with  owner 

and 

con- 

estimating 

II, 

252 

tractor 

12 

Carpentry  construction 

I. 

241 

selection  of  site 

15 

canvas 

I. 

243 

space  for  materials 

22 

finish  lumber 

I. 

242 

staking  out 

21 

finished  floors 

I. 

242 

systematic  plan  of  supervision 

14 

glass 

I. 

2-15 

Buildings,  designing  of 

VII, 

247 

gutters  and  conductors 

I, 

244 

Buildings  for  offices 

VI, 

318 

hardware 

I. 

243 

Bullnose  tread 

II. 

181 

hardwood  doors 

I, 

242 

Built-up     sections,     moment 

of 

joists 

I. 

241 

inertia 

III. 

59 

iinmg  floors 

I. 

242 

Bimsen  burner 

X, 

331 

mantels 

I. 

243 

Burners 

X, 

328 

paint 

I. 

245 

Argand 

X. 

329 

plastering 

I, 

244 

bat's- wing 

X, 

329 

roof 

I. 

243 

Bun  sen 

X. 

331 

sash 

I, 

242 

single- jet 

X. 

328 

studs 

I. 

242 

union-jet 

X, 

329 

trimmers 

I, 

241 

Bushings 

IV. 

265 

Carriage  of  a  stair 

II. 

190 

Butler's  pantry,  design  of 

VI, 

311 

Caryatid  order 

VIII. 

35 

Butt  joint 

II 

37 

;  III. 

130 

Caryatids 

VIII, 

134 

Butternut 

II, 

24 

Casings  for  indirect  steam  heating 

X. 

87 

Buttress,  definition  of 

III, 

279 

Cast-iron  columns  . 
Cast-iron  radiators 

V. 
X, 

127 
53 

Cables 

V, 

360 

Castor  and  Pollux,  temple  of 

VIII. 

228 

Caisson  foundations 

v.- 

155 

Catacombs  of  Beni-Hassan 

VIII, 

45 

Calcareous  stones 

III. 

216 

Cavetto  moulding 

IX, 

289 

Calculations  for  beams 

v. 

105 

Cedar 

II. 

20 

Camber,  definition  of 

Ill, 

311 

Cellar,  design  of 

VI. 

312 

Camera  vs.  eye  representation 

VII, 

12 

Cellar  walls 

1,27. 

30 

Candle-power  of  incandescent  lamps    IV, 

290 

Cellar  work  and  foundations 

I, 

23 

Cantilever  beam 

III, 

29 

cess  pool 

I. 

24 

Cantilever  foundations 

V, 

164 

leachmg 

I, 

24 

Cap  details 

V. 

237 

tight 

I. 

25 

Cap  and  sole 

II. 

64 

drains 

I. 

24 

Capital 

. 

dry  wells 

I. 

26 

Corinthian 

VIII. 

117 

underpinning 

I. 

32 

decorated  Ionic 

VIII. 

98 

walls 

1.2 

7.30 

Greek  Doric 

VIII. 

61 

Cement                                     1,218 

,295;  IV,  11 

Ionic                            VII.  280- 

VIII. 

89 

fineness  of 

I, 

219 

plain  Ionic 

VIII. 

92 

kinds  of 

Capital  letters 

VI. 

32 

natural 

III. 

228 

Note- — For  page  nitmbcrs  sec  foot  of  pages. 


402 


INDEX 


Part  Page 

Part  Page 

Cement 

Center  of  gravity 

Portland 

III. 

229 

table 

III, 

62 

quick  and  slow  setting 

III. 

233 

Cesspools 

I, 

24 

Rosendale 

III. 

228 

Channels,  characteristic  of  shapes 

V, 

19 

memoranda 

III. 

239 

Character  of  Roman  architecture 

VIII. 

178 

miscellaueoiis 

III. 

240 

Checks 

II. 

16 

pozzuolanos 

Ill, 

241 

Cherry 

II, 

24 

Roman 

III. 

241 

Chestnut 

II. 

24 

slag 

III. 

240 

Chimney  flues 

X, 

38 

moulds  for 

IV. 

20 

Chimneys 

I,  42.297 

non-staining 

I. 

221 

Cliisel  dogs 

V. 

356 

preservation  of 

III. 

240 

Choosing  the  sections 

V. 

304 

sampling 

III. 

231 

Choragic  monument  of  Lysicrates 

VIII. 

122 

soiindness  of 

I. 

220 

Chord,  definition  of 

VI. 

59 

testing  of  for 

III. 

230 

Chute,  curved  rectangular 

IX, 

154 

activity 

Ill, 

232 

Circles 

age  of  briquette 

III. 

237 

definition  of 

VI, 

59 

color 

III. 

231 

drawing  of 

VII, 

20 

fineness 

III. 

232 

Circuit  mains,  sizes  of.  table 

IV, 

150 

soimdness 

III. 

234 

Circuits,  alternating-current 

rv. 

240 

strength 

III. 

236 

Circvdar  stairs 

II, 

177 

weight 

III. 

231 

Circulation  coils 

X, 

55 

Cement  mortar 

III. 

243 

City  buildings 

I. 

105 

Cement  testing 

rv. 

11 

areas  and  vaults 

I, 

112 

chemical  analysis 

rv. 

12 

dampness,  protection  against 

I. 

113 

constancy  of  volume 

rv. 

22 

derrick  stones 

I. 

111 

fineness 

rv. 

14 

footing  stones  and  concrete 

I. 

108 

form  of  briquette 

rv, 

20 

pile  foimdations 

I. 

107 

machines  for 

IV. 

23 

soil 

I. 

106 

mixing 

IV. 

20 

walls 

I. 

105 

moulding 

IV, 

21 

foundation 

I, 

110 

moulds 

R'. 

20 

party 

I, 

105 

normal  consistency 

IV, 

15 

rubble 

I, 

110 

sampling 

IV, 

12 

thickness  of 

I, 

112 

specific  gra%-ity 

IV, 

13 

Clapboarding 

I, 

54 

standard  sand 

TV, 

19 

Classic  Roman  Corinthian  order 

VIII, 

223 

storage  of  test  pieces 

rv. 

21 

Classic  Roman  Doric  order 

VIII, 

199 

tensile  strength 

rv. 

22 

Classic  Roman  Ionic  order 

VIII, 

213 

time  of  setting 

IV, 

17 

base  of 

VIII, 

214 

Cementing  materials 

III. 

225 

capital  of 

VIII. 

217 

classification 

III. 

225 

development  and  use  of 

VIII. 

213 

composition 

III. 

225 

examples  of 

VIII, 

219 

use 

III. 

227 

Classic  Roman  letters 

VI, 

205 

Center  of  gra\-ity 

III. 

51 

Classical  architecture 

VII, 

254 

of  an  area 

III. 

51 

Classical  mouldings 

VII, 

253 

of  built-up  sections 

Ill, 

54 

Clay 

III. 

252 
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Clay  puddle 

III, 

252 

Colored  lines 

VI, 

240 

Cleaning  dowTi,  definition  of 

III, 

279 

Colors 

Cleavage  of  timber 

II. 

27 

combination  of 

VI. 

278 

Clevis  nuts 

V. 

193 

primary,  secondary,  and 

corn- 

Closers, definition  of 

.  III. 

279 

plementary 

VI, 

281 

Closets,  design  of 

VI. 

312 

tube  and  pan 

VI, 

274 

Cocks 

I, 

68 

Colosseimi 

VIII, 

204 

CoefiBcient  of  elasticity 

III. 

123 

Columbian     system    of    fireproof 

table 

III. 

123 

floors 

V, 

79 

Coefflcient  of  linear  expansion 

Ill, 

125 

Coliuim 

VIII. 

35 

Coefficients  for  deflection,  etc.. 

table     V, 

35 

cast-iron 

V. 

127 

Colander,  pattern  for 

IX, 

46 

classes  of 

Ill, 

98 

Cold-air  box 

X, 

38 

concrete  and  steel 

V, 

128 

Cold-air  ducts 

X, 

92 

cross-sections  of 

III, 

98 

Collar  beam 

II. 

92 

definition  of 

VII, 

250 

Colonial  colors 

I, 

96 

design  of 

II.  14;  IV. 

171 

Colonial  house 

VI. 

319 

effect  of  eccentric  loadings  of 

IV. 

120 

cliina  closet 

VI. 

345 

fixed  ends 

III. 

97 

conditions 

VI. 

319 

flat  ends 

III. 

97 

framing  plans 

Greek  Corintliian 

VIII, 

45 

attic 

VI. 

335 

Greek  Ionic 

VIII. 

45 

first-floor 

VI. 

335 

hinge  ends 

III. 

97 

roof 

VI. 

341 

interior 

V. 

14 

second-floor 

VI. 

335 

live-load  reduction  on 

V. 

56 

front  elevation 

VI, 

329 

methods  of  reinforcement 

IV. 

116 

detail  of 

VI. 

333 

pin  ends 

III. 

97 

framing  of 

VI. 

341 

position  of  in  steel  frame 

V. 

60 

front  entrance 

VI. 

353 

practical  considerations 

V. 

127 

kitchen 

VI. 

345 

problems  in 

V, 

128 

main  cornice  and  dormer 

VI, 

345 

Roman 

VIII. 

188 

pantry 

VI, 

345 

square  ends 

Ill, 

97 

plans 

VI. 

320 

strength  of 

III. 

97 

attic 

VI. 

329 

Column  bases 

V. 

141 

basement 

VI. 

324 

Coliunn  capacity 

first-floor 

VI, 

324 

diagrams  of 

V. 

124 

roof 

VI, 

329 

table 

V. 

126 

second-floOr 

VI, 

326 

Column  caps 
Column  coverings 

V. 
V. 

134 
94 

plumbing 

VI, 

345 

Column  details 

V, 

236 

porch 

VI. 

353 

base 

V. 

236 

side  elevation 

VI. 

329 

cap 

V, 

237 

framing  of 

VI, 

341 

illustrations  of 

V. 

238 

sketches 

VI, 

319 

shaft 

V. 

238 

useful  memoranda 

VI, 

320 

Column  entasis                   VII 

251: 

VIII. 

48 

window  frames 

VI. 

347 

Colunm  formula 

III. 

113 

Colonnade,  definition  of 

VII, 

321 

broken  straight  line 

III. 

113 

Note. — For  page  numbers  see  foot  of  pages. 
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Part  Page 


III. 

V. 
III. 
III. 
III. 
III. 
III. 

V. 

X. 

II. 
VI. 


VIII. 

III. 
III. 
III. 

VI, 


Column  formula 
combination 
Gordon's 

graphical  representation  of 
Parabola-Euler 
Rankine's 
straight-line 
Colimin  loads,  kinds  of 
Column  splices 

Combustion  chamber  of  furnace 

Common  rafters 

Compasses 

Composite  order  VII.  318;  VIII.  189. 

Arch  of  Titus  VIII, 

Baths  of  Diocletian 

Composition  of  concurrent  forces 

algebraic 

graphical 

Composition  in  lettering 

Composition     of     nonconcurrent 

forces,  graphical 

Composition  roofing 

Compression 

materials  in 

brick 

cast  iron 

steel 

stone 

timber 

wrought  iron 

splices  for 

Compression  and  flexiire 

Compressive  forces 

center  of  gravity  of 
summation  of 
Compressive  strength  of  riveted 

plates 
Compressive  stress 
Computation  of  strength  of  joint 
Computing  radiation  rV 

direct  T\ 

indirect  TV,  164, 

Concealed  knob  and  tube  wiring  IV. 

Concentric  circles,  drawing  VII, 

Concord,  temple  of  VIII, 

Concrete  III.  247;      IV, 


III, 
I, 

III. 
III. 
III. 
Ill, 
III. 
III. 
III. 
II. 
III. 

JY, 
IV, 

III, 
III. 
Ill, 

,  162, 
,  162, 


106 

121 

105 

110 

100 

106 

100 

136 

34 

98 

20 

249 

249 

255 

141 

144 

141 

193 

183 
148 


Concrete 

asphaltic 

bonding  old  and  new 

cinders  for 

depositing  of  . 

depositing  of,  under  water 

effects  of  freezing 

finish  of 

forms  for 

gravel  for 

laying  of 

mixmg  III.  248; 

by  hand 

by  machinerj' 
proportions  of  111,247 

ramming  of 
sand  for 
strength  of 
trEinsporting  of 
water-tightness  of 
weight  of 
wetness  of 

dry 

23  medium 
25  very  wet 

25       Concrete  in  compression 

24  economy  of 

25  elasticity  of 

24      Concrete     materials,     automatic 

24  meastires  for 

43       Concrete  mixers 

93  batch 

continuous 

69  types  of 

67  gravity 

paddle 
132  rotary 

12       Concrete-steel  arches 
132       Concrete  with  steel  beams 
195  caissons 

1 95  cribs 

195  freezing  process 

213  hollow  cylinders 

34  sheet  piles 

43       Concrete  and  steel  columns 

24       Concrete-steel  masonrj- 


III, 

rv, 

IV. 

rv. 
III. 

IV. 
IV. 

rv. 

IV. 

Ill, 

IV, 

rv. 

rv, 

;  rv. 

IV. 
IV. 

Ill, 
rv. 
rv, 
m. 
rv. 
rv. 
rv, 

IV, 
IV, 

rv, 
rv. 

IV, 
IV. 
IV. 

rv, 

IV 

IV. 
IV. 

rv. 

V. 

III. 
Ill, 
III, 
III, 
III, 
III, 

V. 

Ill, 


251 

44 

27 

43 
250 

45 

45 

52 

26 
249 

30 

32 

33 
27 
44 
24 
247 
43 
50 
247 
41 
41 
42 
42 
61 
61 
63 

40 

34 

34 

34 

35 

35 

37 

36 

74 

262 

265 

264 

266 

263 

264 

128 

329 


Note. — For  page  numbers  see  foot  of  page. 
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Concrete  walls 
Concreting  of  cellar 
Concurrent  forces 
in  equilibrium 


Part  Page 

V,       14 

I,       59 

III.      140 

III,      151 


Conductors, calculation  of  si7.es  of  IV,  225 
Conductors  in  fibrous  conduit,  sizes 

of,  table  IV.  215 
Cone 

definition  of  VI,  63 

development  of  IX,  1 9 

drawing  the                                  .VII,  32 

Conic  sections  VI,  65 

Conical  boss  IX,  87 

Conifers                                                II,  12,  20 

cedar  II,  20 

cypress  II,  21 

hemlock  II,  21 

pines  II,  21 

spruce  II,  21 

Connections,  standard  forms  of  steel  V,  147 

Connections  and  details  of  framing  V,  134 

Contracts  I,  315 

assignability  of  I,  326 

avoidance  of  I,  327 

breach  of  I,  328 

conditions  I,  324 

construction  of  I.  325 

express  I,  316 

formal  I,  251 

government                               I,  264-271 

implied  in  law  I,  316 

law  of  I,  315 

letting  of  VI,  317 

modification  of  I,  329 

reforming  I,  327 

Contracts  and  specifications  I,  207-313 

materials,  studies  in  I,  214 

outline  of  work  I.  21 2 

province  of  I,  207 

contractor  I,  210 

owner  I.  209 

specification  wTiter  I,  211 

requirements,  general  I,  225 

use  of  words  I,  225 

Conventional  signs  in  shop  drawings  V,  202 

Cooper-Hewitt  laviips,  lighting  data 

for,  table  IV.  333 

Note. — For  page  numbers  see  foot  of  pages. 


Part  Page 

Coping,  definition  of  III,  279 

Copper  roofing  I,  1 46 

Coppersmith's  problems  IX,  177 

brewiiig  kettle  IX,  187 

curved  elbows  IX,  185 

sphere  IX,  177 

Corbell,  definition  of  III.  280 

Corinthian  capital 

examples  of  VIII,  117 

rules  for  making  VIII,  117 

Corintliian  intercolumniation  VIII,  152 

Corinthian  order     VII.    301;  VIII,    35,  115 

comparison  of  three  examples 

of  VIII.  235 
comparison  of  early  and  late 

examples  of  VIII,  240 

general  type  of  VIII,  133 

origin  of  'VIII,  116 

Vignola's  VIII,  240 

Corinthian  pilasters  VIII,  161 

Corner  beads  I,  55 

Corner  posts  II,  52 

Cornice             I,  298;  VIII,  35,  66;  IX,  279 

construction  of  IX,  279 

definition  of                 111,280;  IX,  279 

fastening  of  IX,  284 

patterns  for  IX,  286 

shop  tools  for  IX,  286 

brace  bender  IX,  286 

brake  IX,  286 

crimping  machine  IX,  286 

draw-bench  IX,  286 

puncliing  machine  IX,  286 

sUtting  shears  IX,  286 

squaring  shears  IX.  286 

Corona  VIII.  66.  70 

Corrosion  of  steel  V,  94 

Corrugated  iron  V.  23 

Corrugated  roofing  IX.  262 

laying  of  IX.  265 

Corrugated  sheets,  measurements 

of.  table  IX,  264 

Corrugated  siding  IX,  262 

laying  of  IX.  270 

Coimterbalancing  V,  358 
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Coiinterfort,  definition  of 
Couple 

Course,  definition  of 
Cove  moulding  VIII,  70; 

Cover  angles 
Cover  plates 
Cramps,  definition  of 
Crimping  macliine 
Crippling  of  web 
Crosshatching 
Crown,  definition  of 
Crown-mould 
Crowning 
Crystal  plate  glass 
Cubical  contents,  definition  of 
Culverts 
Curtain  walls 
Curved  elbows 
Ciu-ved  hip  rafters 
CTirves  in  perspective 
Cut-out  panel 
Cut  stone,  finishing  faces  of 
axed 

bush  hammered ' 
cr  and  ailed 
fine  pointed 
patent  hammered 
rough  pointed 
tooth  axed 
Cutwater  or  starling,  definition  of 
Cycloid 

Cylinder  and  octagonal  prism,  m- 
tersection  of 

Cylinders 

definition  of 

development  of 

drawing 

intersection  of 
Cylindrical  vault  • 
Cyma 

Cyma  moulding 
CjTua  reverse  moulding 
Cj-press 


Damper  regtilators 

Note.— Far  page  numbers  see  loot  of  pages. 


Part  Page 

Part  Page 

III. 

280 

Dampers,  indirect  steam  heating 

X. 

87 

III. 

188 

Dates  and  column  dimensions  of 

Ill, 

280 

Greek  Doric  temples 

VIII. 

53 

IX. 

289 

Datum  lines 

VI. 

289 

V, 

21 

Dead-load  stress 

Ill, 

203 

III, 

130 

Decorated  Ionic  capital 

VIII. 

98 

III, 

280 

Deflection 

V. 

33 

IX, 

286 

of  beams 

III. 

126 

V, 

267 

lateral 

V. 

29 

VII, 

44 

vertical 

V. 

29 

III, 

311 

Deformation 

III. 

14 

IX. 

280 

Hooke's  law  of 

III. 

'l7 

II. 

81 

non-elastic 

Ill, 

129 

I. 

102 

Denticular  order 

VII, 

262 

II. 

234 

Dentil  course 

IX, 

280 

III. 

325 

Depth  of  keystone  for  semicirculai 

V. 

12 

arches,  table 

1     III, 

313 

IX. 

185 

Derivation  of  Doric  order  from 

II. 

110 

wooden  construction 

VIII, 

53 

VII. 

147 

Design 

IV. 

267 

practical  problems  in 

VI, 

305 

III. 

290 

theory  of 

VI. 

305 

III. 

291 

composition 

VI. 

305 

III. 

292 

criticism 

VI. 

308 

III. 

290 

ornament 

VI. 

308 

III. 

290 

scale 

VI. 

306 

III. 

291 

Design  of  cohimns 

III. 

114 

III. 

290 

Design  of  dwelling 

VI. 

309 

III. 

291 

batliroom 

VI. 

312 

Ill, 

281 

butler's  pantry 

VI. 

311 

VI, 

67 

cellar 

VI. 

312 

closets 

VI. 

312 

IX. 

65 

dining  room 

VI, 

311 

hallway 

VI. 

309 

VI. 

63 

kitchen 

VI. 

311 

IX,  14, 

71 

lavatory 

VI. 

312 

VII. 

30 

living  rooms 

VI. 

310 

IX. 

69 

refrigerator 

VI. 

311 

II, 

147 

sittmg  room 

VI. 

310 

VIII. 

69 

stairways 

VI. 

310 

VIII, 

70 

storeroom 

VI. 

312 

IX 

,      289 

Design  of  timber  beams 

III. 

88 

II 

.        21 

Designing  of  buildings 
Detail 

VII. 

247 

effect  of  changes  in 

V. 

152 

X 

.     144 

illustrations  of 

V 

213 
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Detail 

Direct  steam  heating 

use  of  in  work 

V, 

152 

circulation  coils 

X, 

55 

Detail  drawings,  definition  of 

IX. 

283 

pipe  radiators 

X. 

55 

DetaD  shop  drawings,  use  of 

V. 

146 

Direct  water  supply 

X, 

298 

Determination  of  loads  of  trusses 

V. 

132 

Direct-indirect  radiators 

X, 

14 

Determination  of  reactions'on  beams  III, 

29 

Disposition  of  triglyphs  in  the  friezeVIII, 

65 

Development 

Distinction  between  diflerent  planes   VI, 

274 

of  cone 

VI, 

118 

Distortion,  apparent 

VII, 

152 

of  cylinder 

VI. 

120 

Distributing  valves 

V. 

315 

of  prism 

VI, 

117 

Ditriglyphic  intercolmnniation 

VIII. 

147 

of  scalene  cone 

IX, 

77 

Dividers 

VI. 

23 

Development  of  parallel  forms 

IX, 

12 

Dog-legged  stairs 

II, 

177 

measuring  lines 

IX, 

13 

Domes 

II, 

141 

plan 

IX, 

12 

Door  frames  and  doors 

I. 

302 

profile 

IX. 

13 

Doorways,  Roman 

VIII, 

258 

stretchout  line 

IX, 

13 

Doric  entablature,  origin  oi 

VIII, 

55 

Developments 

Doric  Lntercolumniation 

VIII, 

147 

approximate 

IX, 

82 

Doric  order                        VII,  26 

2;  VIII,  35.45 

by  triangulation 

IX. 

75 

changes  in  proportions  of 

VIII. 

48 

Diagonals,  stress  in 

V, 

304 

derivation  of 

VIII. 

53 

Diagrams 

differences  in  examples  of 

VIII. 

46 

moment 

III. 

46 

forms  of 

VIII, 

212 

stress 

Ill, 

168 

soffit  of 

VII, 

273 

Diameter,  definition  of 

VI, 

59 

Doric  pilasters 

VIII. 

155 

Diameter  of  fire  pot  for  fiirnace, 

Dormer  windows 

II. 

96 

table 

X, 

37 

Double-acting  lift  and  force  pumps       X, 

288 

Diameter  of  Roman  column 

VIII, 

42 

Double  cock  and  connected  waste  and 

Diana  Propylsea,  temple 

VIII, 

12 

overflow 

X, 

237 

Difference  between  Greek  and 

Double-pitch  skylight 

IX. 

222 

Roman  order 

VIII. 

223 

Double-riveted  joint 

Ill, 

130 

Differential  lamp  mechanism 

IV. 

300 

Double  tenon  joint 

II, 

42 

Dimensions  for  box  culverts,  table 

III. 

326 

Dowels,  definition  of 

III. 

281 

Dimensions  of  heaters  tabic 

X, 

165 

Drainage  of  arch  bridges 

III. 

317 

Dining  room,  design  of 

VI, 

311 

Drainage  system 

X, 

337 

Direct  hot-water  heating 

X,  u, 

107 

local  ventilation 

X, 

356 

expansion  tank 

X, 

113 

Draining  mains  and  risers 

IV. 

153 

fittings 

X, 

120 

pipe  sizes  for 

IV.  155. 

157 

overhead  distribution 

X, 

113 

Drains 

I. 

24 

pipe  connections 

X, 

115 

Draw-bench 

IX. 

286 

pipe  sizes 

X, 

120 

Drawing 

piping  for 

X, 

111 

circles 

VII. 

20 

radiating  siu-f ace,  types  of 

X, 

109 

definition  of 

VII. 

11 

radiators,  efficiency  of 

X, 

110 

ellipses 

VII. 

20 

valves 

X, 

119 

freehand 

VII. 

11 

Direct  steam  heating 

X,  12. 

52 

freehand  perspective 

VII. 

22 

cast-iron  radiators 

X, 

53 

holding  the  pencil 

VII. 

18 

Note. — For  page  numbers  see  joot  of  pages- 
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Part  Page 


Drawing 

learning  to  see 

light  and  shade 
form  drawing 
value  drawing 

materials  for 

objects,  general  directions  for 

outline 

perspective 

position  of  draftsman 

restraint  in 

straight  lines 

testing  by  measurement 

testing  with  the  slate 

traces  on  the  slate 

what  to  look  for 
Drawing  board 
Drawing  paper 
Drawing  pen 
Drawing  pencils 
Drawings 

exhibition 

xmiform  titles  for 
Drawings  and  specifications,  inter- 
pretation   of 
Drift  pins 
Drinking  foimtain 
Drip  pan,  pattern  for 
Drips 
Drop  in  alternating-current  lines 

calculation  of 

table 
Drj'  rot 

Dry  stone  walls,  definition  of 
Dry  wells 
Ducts  and  flues 

areas  of 

flue  velocities 
Dwarf  walls 


VII. 
VII,  15, 
VII, 
VII, 
VII, 
VII. 
VII. 

VI, 
VII, 
VII, 
VII, 
VII, 
VII, 
VII, 
VII, 

VI, 
VI.  11;  VII, 

VI. 
VII, 


VI, 
VI, 

V, 
V, 
X, 
IX. 
IX, 
IV, 
IV, 
IV, 

II, 

III, 
I, 

IV, 
165, 
IV. 

II, 


IV 


Early  Roman  Doric  order 
Eccentric  dogs 
Ecliinus 

Ecliinus  moulding 
Economical  depth  of  web 


14 
40 
40 
40 
16 
36 
14 
285 
19 
13 
19 
37 
23 
22 
14 
13 
18 
24 
16 

286 
353 

14b 
192 
244 

31 
280 
244 
244 
247 

15 
281 

26 
196 
196 
197 

92 


VIII,  193 

V,  353 

VIII.  61 

VIII.  70;  IX,  289 

V,  266 


IV 


Edged  plates 

Effect  of  changes  in  detail 

Efficiency  of  furnace 

Efficiency  of  globe  combinations 

Efficiency  of  joint 

Efflorescence 

of  lime  and  cement 
Egg-and-dart  moulding 
Elastic  Umit 
Elasticity 
Elbows 

three-pieced 
Electric  arc 
Electric  bell 

outfit 

batteries 
beU 

bell  push 
dry  batteries 

wire  for 
Electric  bell  wiring 

circuits 

joints 

methods  of 
Electric  elevators 
Electric  heat  and  energy 
Electric  heaters 

connections  for 

construction  of 
Electric  heating 

cost  of 
Electric  lighting 

classification 

history  and  development 
Electric  limit  switches 
Electric  motors 
Electric  piping 
Electric  wirmg  I,  49.  227;  IV,  201-272 

Electric  wiring  equipment,  testing  of  IV,     236 

galvanometer  IV, 

magneto  FV, 

voltmeter  IV, 

Electricity  for  heating  X,  16, 

Elevation  measurements  VI, 

Elevations  VI, 

definition  of  VI,  241 :  IX, 


Part  Page 

V, 

21 

V, 

152 

X, 

35 

IV, 

340 

III, 

134 

III, 

302 

I, 

127 

VIII, 

79 

III, 

15 

III. 

14 

IX,  104-120 

IX, 

194 

IV, 

296 

rv. 

276 

IV, 

277 

IV, 

278 

rv. 

277 

i\^ 

278 

rv'. 

273 

V,  273- 

-282 

IV, 

279 

TV, 

275 

IV, 

274 

V, 

339 

X, 

196 

X, 

196 

X, 

197 

X, 

196 

X, 

196 

X, 

198 

V,  2S5 

-350 

IV, 

286 

IV, 

285 

V. 

349 

X, 

187 

I, 

201 

237 
237 
237 
196 
290 
320 
282 


S'ote. — For  page  numbers  see  foot  of  pages. 
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Elevations 

End  construction   of   terra  cotta 

front 

VI. 

239 

arches 

V 

71 

rendering 

VI, 

269 

Engineer's  relation  to  arcliitect 

V, 

144 

side 

VI. 

329 

English  candle 

IV, 

341 

Elevators 

V,  315-3G4 

Entablature 

VIII.  35. 

62 

accessories 

V. 

352 

divisions  of 

VIII, 

35 

air  cushions 

V. 

363 

architrave 

VIII. 

35 

automatic  stop 

V. 

321 

cornice 

VIII, 

35 

brakes  for 

V, 

320 

epistyle 

VIII. 

35 

cables 

V. 

360 

frieze 

VIII. 

35 

cliisel  dogs 

V. 

356 

Roman 

VIII. 

188 

counterbalancing 

V. 

358 

Entasis 

VIII. 

82 

distributing  valves 

V. 

315 

of  column                     VII, 

,251 

;VIII. 

36 

eccentric  dogs 

V. 

353 

of  Greek  colunm 

VIII, 

143 

electric 

V. 

339 

of  Roman  col\man 

VIII. 

263 

Eraser 

V. 

351 

Epicycloid 

VI, 

68 

guide-ways 

V. 

352 

Epistyle 

VIII, 

35 

horizontal  hydraulic 

V. 

324 

Equal  radii  of  gyration 

V, 

47 

limit 'switches 

V. 

349 

Equilibrant  of  forces 

III. 

141 

limit  valves 

V. 

337 

EquiUbrium 

III. 

151 

lubrication  of  cylinders 

V, 

335 

algebraic  conditions  of 

III. 

154 

packing 

V. 

334 

concurrent  forces  in 

III. 

151 

pilot  valve 

V. 

329 

graphical  condition  of 

Ill, 

151 

piston  packing 

V. 

334 

Erasers 

VI, 

14 

plunger 

V, 

332 

Erechtheum 

VIII, 

107 

Pratt-Sprague     * 

V, 

350 

Erechtheum  doorway 

VIII. 

139 

safety  governors 

V, 

354 

Estimate  of  residence  at  Ridgedale. 

steam 

V. 

315 

Mo. 

II. 

292 

two-way  valve 

V. 

328 

brickwork 

II. 

297 

vertical  hydraulic 

V. 

329 

carpenter  work 

II, 

303 

water  balance 

V. 

323 

cesspools 

II, 

297 

worm  gearing 

V. 

323 

concreting 

II. 

301 

ElUpse 

drains 

II. 

297 

actual  size  of 

VI. 

115 

dry  wells 

II, 

297 

definition  of 

VI. 

65 

electric  lighting  fixtures 

II, 

326 

drawing  of 
EUiptical  stairs 
Elm 

Enclosed  arcs,  data 
Enclosing  walls 

VII. 

II. 
II. 

IV, 
V. 

20 
177 

24 
304 

11 

electric  wirmg 

excavatiou 

general  summary 

hardware 

heating 

miscellaneous 

II. 
II. 
II. 
II, 
II, 
II, 

324 
292 
328 
314 
321 
308 

concrete 

V. 

14 

painting 

II. 

327 

curtam 

V, 

12 

plastering 

II, 

301 

load-bearing 

V. 

11 

plumbing 

II. 

323 

metal 

V. 

13 

schedules 

II, 

330 

self-supporting 

V, 

12 

stairs 

II, 

312 

Note. — For  page  numbers  see  foot  of  pages. 
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Part  Page 

Part  Page 

i^stimate  of  residence  at  Ridgedale. 

Express  contracts 

Mo. 

consent 

I, 

320 

stonework 

II. 

29-1 

consideration 

I. 

322 

Estimating 

II,    229 

-338 

legaUty  of  contract 

I, 

313 

approximate 

II, 

231 

parties 

I, 

319 

brickwork 

II. 

247 

Exterior  plastering 

I, 

58 

carpentry 

II. 

252 

Extrados,  definition  of 

III, 

311 

electric  work 

II. 

285 

Eye  bars 

V, 

194 

excavation 

II, 

285 

Eye  and  camera 

VII. 

12 

gas  fitting 

II, 

285  " 

hardware 

II, 

267 

Face,  definition  of 

III. 

281 

heating 

II, 

278 

Face-mould,  how  to  put  the 

curves  on  II, 

220 

items  to  be  considered 

II,  229 

-231 

Factor  of  safety 

III,  18;  V, 

57 

painting 

II, 

276 

table 

III. 

20 

piazzas  and  porches 

II, 

265 

Fan  capacity 

X, 

177 

plastering 

II, 

273 

table 

X, 

185 

plumbing 

II, 

282 

Fan  engines 

X, 

1S5 

by  quantities 

II, 

233 

Fascia  moulding 

VIII, 

69 

roofing 

II, 

270 

Faucets,  basin 

X, 

251 

rules 

II, 

235 

Fiber  stresses 

III,  33, 

67 

bj'  the  square 

II, 

232 

Fibrous  tubing 

IV, 

215 

stairs 

II. 

262 

Fillet  moulding 

VIII, 

69 

stone  work 

II, 

243 

Filters 

X, 

318 

tables 

II, 

235 

Fink  truss,  analysis  of 

II,  134;  III, 

202 

wages 

II, 

241 

Fire-brick 

III, 

224 

Estimating  cost  of  steel  work 

V, 

150 

Fireplace 

Evergreens 

II, 

20 

building  of 

59 

Excavation 

I, 

293 

details  of 

VI, 

355 

cellar  floor 

I, 

296 

Fire  pot 

X. 

33 

cement  coating 

I, 

296 

Fireproof  building 

173 

cesspool 

I, 

296 

caissons 

180 

drain  pipe 

I, 

296 

cantilever  foimdations 

180 

estimating 

II. 

242 

cement  coating 

183 

site,  preparation  of 

I, 

294 

rnbimns 

I, 

176 

walls 

I. 

295 

painting  of 

183 

Exhaiist  fans,  table 

X,. 

185 

protection  of 

193 

Exhavist  head 

X, 

140 

completion 

204 

Exliaust-steam  heating      IV, 

166;  X,   15, 

134 

concrete  floors 

186 

Exhaust  ventilation 

X. 

157 

end-method  arc'li 

185 

Exhibition  drawings 

VI, 

286 

exterior  walls 

190 

Expansion 

IV, 

159 

flreproofing 

193 

amotmt  of 

IV. 

159 

floor  construction 

183 

pro^^sion  for 

IV. 

160 

floor  tiles,  setting 

185 

of  risers 

IV, 

160 

girders 

181 

Exposure  factors,  table 

X, 

25 

connections  of 

182 

Express  contracts 

I, 

316 

protection  of 

194 

Note. — For  page  numbers  see  foot  of  pages. 
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Fireproof  building 

Flange  splices 

V. 

278 

grillage 

I. 

178 

Flanges,  proportioning 

V. 

264 

iiard  plaster 

I. 

197 

Flanges  and  web,  functions  of 

V. 

263 

heating  system 

I. 

202 

Flashing 

I    147; IV. 

288 

height  of 

I_ 

174 

Flashings 

X, 

345 

interior  finish                           I, 

199. 

203 

Flat  arches 

III. 

317 

Keene's  cement 

I, 

198 

Flat  ends  column 

III. 

97 

lavatory  fittings 

I. 

203 

Flat  extension  skylight 

IX, 

222 

metal  lath  partitions 

I. 

195 

Flat-seam  roofing 

IX, 

247 

metal  latliing 

I, 

196 

covering  conical  tower 

I-X, 

254 

painting 

I, 

203 

table 

IX, 

239 

partition  blocks 

I, 

194 

Flexibility  of  timber 

II, 

27 

partitions 

I, 

194 

Flexural  stress 

III, 

91 

pipes  and  conduits 

I. 

200 

Flexure  and  compression 

III, 

93 

preliminary  work 

I. 

174 

Flexure  and  tension 

III, 

91 

riveting,  inspection  of 

1. 

182 

Flitch-plate  girder 

II. 

128 

roof  and  ceilings 

I. 

190 

Floor   arches 

V.    16, 

70 

scagliola 

I. 

198 

concrete-steel 

V. 

74 

side-method  arch 

I. 

184 

terracotta 

V. 

70 

site 

I. 

174 

tests  of 

V. 

83 

stairs 

I. 

199 

Floor  beams 

V. 

16 

steel  and  iron  members, inspec- 

Floor girders 

II.  69:  V. 

16 

tion   of 

I. 

192 

Floor  joints 

X. 

366 

structure 

I. 

175 

Floor  joists 

II. 

74 

terra-cotta  covermg 

I. 

192 

Floors 

I.  93;V. 

16 

terra-cotta  floor  arches 

I. 

184 

Flue  velocities 

IV. 

165 

wind  pressure,  provision  for 

I. 

191 

Flues 

window  frames 

I. 

198 

vent 

X. 

93 

Fireproof  floors 

warm-air 

X. 

91 

Columbian  system 

V. 

79 

Flutings 

VIII. 

82 

Ransome  system 

V. 

80 

Corinthian 

VIII. 

42 

Fireproof  materials 

V. 

69 

Ionic 

VIII. 

42 

Fireprooflng 

I. 

193 

origm  of 

VIII. 

36 

Fire-resisting  materials 

V. 

69 

Flyer 

II. 

177 

Fire-resisting  woods 

V. 

96 

Foot-bath 

X. 

243 

Fire  stops 

I. 

45 

pattern  for 

IX. 

36 

First  beam  formula 

III. 

71 

Foot  moulding 

IX. 

280 

First-floor  plan 

VI. 

324 

Footing 

III. 

270 

Fitting-up  bolts 

V. 

192 

definition  of 

Ill, 

281 

Fittings  of  baths 

X. 

236 

designing 

III. 

270 

Fixed  ends  column 

III. 

97 

ofl'sets  of 

Ill, 

270 

Fixtures 

I, 

310 

steel  I-beams 

111, 

272 

water  supply  to 

X. 

300 

stone 

III. 

270 

Flange,  tapering 

IX. 

169 

timber 

III. 

271 

Flange  plate,  cutting  off 

V. 

273 

Force 

ni. 

137 

i^lange  rivets,  spacing  of 

V. 

276 

definition  of 

III. 

137 

Note. — For  page  numbers  see  foot  of  pages. 
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Force 

direction  of 

graphical  representation  of 

magnitude  of 

place  of  application 

specification  of 
Force  diagram 
Force  notation 

Force  polygon  III. 

Force  scaleis 
Forced-blast  heating 
Forced-blast  heating  system 

blowers  for 

exhaust  method 

for  factory  heating 

fans  for 

heaters,  efficiency  of 

heating  surface,  form  of 

plenum  method 
Forces 

components  of 

composition  of 

concurrent 

in  equilibrium 

at  a  joint 

non-conctirrent 
composition  of 
equilibrium  of 

resolution  of 

resultant  of 
Foreshortened  lines 
Foreshortened  planes 
Forked  eye  rods 
Form     of     agreement     between 

owner   and    builder 
Form  drawing 
Formal  contract 
Formula,  Gordon's  coltmm 
Formula  for 

black  prints 

blue-print  solution 
power  transmission  of  shaft 
strength  of  shaft 
Foundations  III. 

area  required 


Part 

Page 

Part  Page 

Foundations 

III. 

137 

artificial 

III, 

254 

Ill, 

138 

bearing  power  of  soils 

III. 

268 

III, 

137 

on  clay 

Ill, 

254 

III, 
III, 

137 
138 

designing 
on  gravel 
live-load  reduction  on 

III, 

III, 

V, 

266 

253 

56 

III, 

139 

load  to  be  supported 

III. 

266 

III, 

139 

on  mud 

III. 

255 

145, 

167 

natural 

III. 

253 

III, 

139 

on  rock 

Ill, 

253 

X, 

16 

on  sand 

III, 

254 

X. 

157 

in  water 

III. 

255 

X, 

170 

Foundations  for  steel  construction 

V. 

153 

X. 

157 

caisson 

V. 

155 

X, 

189 

cantilever 

V. 

164 

X, 

169 

fimdamental  principles  of 

V, 

156 

X, 

162 

grillage 

V. 

160 

X, 

158 

pile 

V, 

155 

X, 

158 

spread 

V. 

153 

III, 

140 

Fragments  from  temple  at  Cori 

VIII. 

197 

III, 

141 

Framing                                           1, 

33,  II, 

35 

III, 

141 

bridging 

I. 

36 

III, 

140 

coltunn  bases 

V, 

141 

III, 

141 

column  caps 

V. 

134 

III, 

161 

colmnn  sphces 

V, 

136 

III. 

140 

connections 

V. 

134 

Ill, 

183 

details  of 

V, 

134 

III, 

188 

exterior 

I. 

36 

III, 

141 

inspection 

V. 

143 

III. 

141 

partition 

I. 

41 

VII. 

29 

relation  to  other  work 

V. 

142 

VII, 

29 

roof 

I. 

40 

V. 

194 

roof  details 

V. 

141 

Framing  and  flooring 

I. 

154 

I, 

253 

cap  and  base 

I. 

158 

VII. 

40 

counters 

I, 

167 

I. 

251 

crowning 

I. 

160 

V, 

121 

fireproof  vaults 

I, 

169 

floor  beams 

I. 

159 

VI. 

159 

floor  finish 

I. 

167 

VI, 

159 

flooring 

I, 

163 

III, 

121 

floors 

I. 

154 

III, 

119 

store  and  office 

I, 

155 

253, 

266 

supervision  of  framing  of 

I. 

163 

III, 

268 

tiling  and  mosaic 

I. 

165 

Note. — For  page  numbers  see  joot  of  pages. 
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Framing  and  flooring 

French  method  of  starting  a  problem  VI. 

284 

floors 

perspective  drawing 

VI. 

285 

upper 

I. 

164 

perspective  studies 

VI. 

285 

flush  framing 

I. 

160 

sketch  elevations 

VI. 

285 

frame 

I. 

154 

sketch  plans 

VI. 

285 

grille  work 

I. 

167 

Frictional  strength  of  a  joint 

III. 

131 

iron  and  steel  supports 

I. 

157 

Frieze             VII.  251 ;  VIII. 

35.  65:  IX, 

280 

mail  chutes 

I. 

171   . 

Fuel  gas 

X. 

336 

mill  construction 

I, 

161 

Funnel,  pattern  for 

IX. 

27 

paper  and  deafening 

I. 

165 

Fm-nace  heating 

X, 

29 

partitions 

I, 

162 

Furnace  pipes 

I. 

47 

pipe  colvunns 

I. 

158 

Furnaces                               I. 

71;  X.   11. 

38 

roofs 

I, 

163 

care  of 

X. 

44 

slow  biirning  construction 

I, 

161 

chimney  flues  of 

X, 

38 

steel  girders 

I. 

159 

cold-air  box 

X. 

38 

stock 

I, 

164 

combustion  chamber  of 

X. 

34 

store  windows 

I, 

170 

efficiency  of 

X, 

35 

Framing  plan,  detailing  from 

V. 

222 

fire  pot 

X. 

33 

Framing  plans 

grates  for 

X. 

32 

attic 

VI. 

335 

heating  capacity  of 

X. 

36 

first-floor 

VI. 

335 

heating  siu-face  of 

X. 

35 

roof 

VI. 

341 

location  of 

I.  72;  X. 

37 

second-floor 

VI, 

335 

radiator  for 

X. 

34 

Fraser  elevator 

■V. 

351 

registers  for 

X. 

43 

Freehand  drawing 

VII,  11-72 

return  duct 

X. 

39 

first  exercises  in 

VII. 

19 

smoke  pipes  of 

X. 

37 

plates 

VII,. 

47-72 

types  of 

X. 

30 

tracing  on  the  slate 

VII. 

22 

direct  draft 

X. 

31 

value  of  to  architect 

VII. 

11 

indirect  draft 

X. 

31 

Freehand  perspective 

VII. 

22 

warm-air  pipes 

X, 

40 

appearance  of  equal  spaces  on 

Furring 

I. 

47 

any  line 

VII. 

29 

Fuse-boxes 

IV. 

266 

center  of  circle  not  center  of 

ellipse 

VII. 

33 

Gable  roof 

II. 

87 

concentric  circles 

VII. 

34 

Gained  joint 

II, 

39 

cone 

VII. 

32 

Galleries 

II. 

130 

cylinder 

VII. 

30 

Galvanometer 

IV. 

237 

foreshortened  planes  and  lines 

VII. 

26 

Gambrel  roof 

II. 

88 

frames 

VII. 

34 

framing  of 

II. 

94 

horizon  line 

VII. 

25 

Gas  broiler 

X. 

334 

horizontal  circle 

VII. 

27 

Gas  burners 

X, 

328 

parallel  lines 

VII. 

28 

Argand 

X. 

329 

prism 

VII. 

30 

bat's-wing 

X. 

329 

regular  hexagon 

VII. 

33 

Bunsen 

X. 

331 

square 

VII. 

28 

single- jet 

X. 

328 

triangle 

VII, 

29 

union-jet 

X. 

328 

Note. — For  page  numbers  see  loot  of  pages. 
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Gas  fitting 

estimating 
Gas  heaters  for  water 
Gas  pipes 
Gas  piping 
Gas  stoves 
Gateways,  Roman 
Gauged  worlv.  definition  of 


Part  Page 

I.  313 

II,  285 

X,  317 

I,  48 

I,  201:  X.  320 

X,  334 

VIII,  255 

III,  281 


Geological  classification  of  roclcs  III,  215 

Geometrical  definitions  VI,  55 

angles  VI,  56 

circles  VI,  59 

cones  VI,  63 

conic  sections  VI,  65 

cylinders  VI,  63 

lines  VI,  55 

odontoidal  curves  VI,  67 

polygons  VI,  58 

pyramids  VI,  62 

quadrilaterals  VI,  57 

solids  VI,  61 

spheres                       "        ,  TI,  64 

surfaces  VI,  56 

triangles  VI,  56 

Geometrical  problems  VI,  69-93 

German  candle  IV,  343 

Girders 

for  floor                                 II,  69;  V,  16 

live-load  reduction  on  V,  56 

shop  details  of  V,  283 

Girders  and  beams  V,  99 

loads  V,  99 

determination  of  V,  99 

distribution  of  V.  100 

Girts  II,  54 

Glass  I,  245 

Glazing                                                  I,  101,  307 

Gordon's  coliinm  formula  V,  121 

Gothic  letters                             VI,  30,  147,  222 

Government  contracts  I,  256 

building  conditions  I,  258 

character  of  buildings  I,  257 

Graded  tmts  VI,  270 

Gram  of  wood  II.  14 

Graphical 

composition     of     concurrent 

forces     III,  141 


Part  Page 
Graphical 

composition  of  non-concurrent 

forces     III,  183 

condition  of  eqtiilibrium  III,  151 

resolut  ion  of  force  III,  148 

Grates,  furnace  X,  32 

Grease  extractor  X,  137 

Grease-traps  X,  258 

Greek  ant ae  or  pilasters  VIII,  155 

Greek  coliunn,  entasis  of  VIII,  143 

Greek  Corinthian  colunm  VIII,  45 

Greek  details  VIII,  139 

Greek  Doric  capital  VIII,  61 

Greek,  Doric,  and  Ionic  columns  VIII,  49 

Greek  Doric  order,  type  form  of  VIII,  58 
Greek  Doric  temples,  dates  and 

column  dimensions  of  VIII,  53 

Greek  fret  VIII,  74 

Greek  intercolumniation  VIII,  147 

Greek  Ionic  column  VIII,  45 

Greek  Ionic  order,  general  type  of  VIII,  104 

Greek  mouldings  VIII,  69 
Greek  orders 

analysis  of  VIII,  35 

column  VIII,  35 

entablature  VIII,  35 

stylobate  VIII,  35 

divisions  of 

Corintliian  VIII,  35 

Doric  VIII,  35 

Ionic  VIII,  35 
Greek  and  Roman  Doric  orders, 

difference  between  VIII,  194 
Greek  and  Roman  orders,  compar- 
ison of  VIII,  42 
Greenfield  flexible  steel  conduit, table  IV,  205 
Grillage  foimdations  V,  160 
Groins  II,  146 
Gromids  and  furring  I,  303 
Grout,  defuiition  of  III,  281 
Guide-ways  V,  352 
Guilloche  motilding  VIII,  74 
Giun  II,  25 
Gusset  sheet  IX,  198 
Gustavino  arch  V.  74 


Note. — For  page  numbers  see  foot  of  pages. 
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Hallway,  design  of 

VI. 

309 

Heating  systems 

Halved  joints 

II. 

42 

forced-blast 

X.  16. 

157 

Hammer  beam  truss 

II. 

134 

furnaces 

X.  11. 

30 

Hand  level 

VI, 

289 

indirect  hot-watei 

X.  15, 

123 

Handrailing,  tangent  system 

II. 

196 

indirect  steam 

X.  13, 

81 

Hand  scoop,  pattern  for 

IX, 

28 

stoves 

X, 

11 

Hardness  of  timber 

II, 

27 

vacuum 

X, 

151 

Hardware,  house                    I, 

243; 

III, 

333 

Heating  and  ventilation 

X.  11, 

223 

estimatuiK                      II, 

267; 

III, 

363 

apartment  houses 

X. 

219 

Haunches,  definition  of 

III. 

311 

churches 

X. 

214 

Header,  definition  of 

III. 

282 

greenhouses 

X. 

219 

Headers 

II. 

77 

halls 

X, 

216 

Heading  joint,  definition  of 

Ill, 

311 

hospitals 

X, 

212 

Heartshake 

II. 

14 

office  buildings 

X, 

217 

Heat  loss 

X, 

23 

school  buildings 

X, 

206 

causes  of 

X. 

23 

theaters 

X, 

216 

air  leakage 

X. 

24 

Heavy  beams  and  girders 

II, 

125 

by  ventilation 

X. 

28 

Heavy  metal  prolilems 

IX, 

188 

tlirough  walls 

X. 

23 

boiler  stacks 

IX, 

189 

through  windows 

X. 

23 

elbow,  three-pieced 

IX, 

194 

table 

X. 

24 

gusset  sheet 

IX, 

198 

Heaters 

scroll  sign 

IX, 

200 

hot-water 

X. 

104. 

126 

taper  joint 

IX, 

192 

indirect  steam 

X, 

82 

Height  of  shaft  in  Ionic  order 

VIII. 

82 

table 

X. 

165 

Hemlock 

II. 

21 

Heatmg                           I.  C9, 

249. 

290. 

307 

Hexagonal  prism,  development  of    IX,  1 4,  68 

apparatus 

I, 

69 

Hexagonal  and  quadrangular  prism. 

cold-air  box 

I. 

71 

intersection  of    IX, 

67 

estimating 

II. 

278 

High  building  construction 

V. 

169 

exliaust-steam 

IV. 

166 

effect  on  foundations 

V. 

170 

fiu-nace 

I. 

71 

effect  of  wind  pressiu-e 

V. 

171 

indirect  steam 

X. 

81 

origin  of  types 

V. 

167 

Heating  capacity  of  furnace 

X. 

36 

types  in  use 

V. 

170 

Heating  pipes 

I. 

201 

wind  bracing 

V, 

174 

Heating  surface  of  furnace 

X.' 

35 

Hinge  ends  column 

III, 

97 

Heating  surface  supplied  by  pipes. 

Hip  rafters 

II. 

109 

table 

X. 

74 

Hip  roof 

II, 

88 

Heating  systems 

X. 

11 

Hip-and-valley  roof 

II. 

88 

care  and  management  of 

X. 

221 

Hipped  skylight 

IX. 

223 

combination 

X, 

,    43. 

117 

construction  of 

IX. 

219 

direct  hot-water 

X 

.  14. 

107 

development  of  patterns  for 

IX, 

224 

direct-indirect  radiators 

X, 

14 

Hollow  walls 

I, 

118 

direct  steam 

X 

.    12, 

62 

Homogeneous  beams,  statics  of 

IV, 

60 

double-duct 

X, 

193 

Honeysuckle  and  akroter  orna- 

.    electricity 

X 

.    16. 

196 

ment 

VIII. 

74 

exhaust  steam 

X 

.    15, 

134 

Hopper  register 

IX. 

157 

Note. — For  page  numbers  see  foot  of  pages. 
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Hooke'f  'aw  of  deformation 

III, 

15 

Incandescent  lamps 

IV. 

286 

Horizon  line  in  freehand  perspective 

VII, 

25 

efflciency 

IV, 

290 

Horizontal  circle 

VII, 

27 

lamps,  selection  of 

IV. 

292 

Horizontal  hydraulic  elevators' 

V, 

324 

manufactvu"e  of 

IV. 

287 

Horizontal  shear 

III, 

87 

exliausting 

TV. 

289 

Hot-air  pipe 

IX. 

151 

filament 

IV. 

287 

Hot-water  heaters                       I.  80:  X, 

104 

flashing 

IV, 

288 

care  and  management  of 

X. 

126 

voltage  and  candle-power 

IV. 

290 

regulators  for 

X, 

106 

Inchned  and  bowled  floors 

II. 

122 

t  j-pes  of 

X, 

104 

Indirect  hot-water  heating             X 

,  15, 

123 

Hot-water   heating                  I.    77; 

IV. 

186 

casings 

X. 

125 

heaters                               I.   SO; 

IV. 

186 

flues 

^i 

125 

capacitj'  of 

IV, 

187 

heaters 

X. 

124 

piping  for 

I. 

78 

pipe  connections 

X, 

125 

radiators  for 

I. 

80 

pipe  sizes 

X, 

126 

Hot-water  piping 

IV. 

190 

Indirect  hot-water  radiation,  table 

X. 

126 

expansion-tank  connections 

IV, 

193 

Indirect  radiation,  table 

X. 

101 

forced-circulation  system 

IV, 

195 

Indirect  steam  heating                     X 

,  13, 

81 

heater  connections 

IV. 

190 

casings 

X, 

87 

open-tank  vs.  pressure  system 

IV. 

194 

cold-air  ducts 

X, 

92 

overhead-feed  system 

IV, 

192 

dampers 

X. 

87 

radiator  connections 

IV, 

193 

direct-indirect  radiator 

X. 

101 

single-main  system 

IV. 

190 

heaters 

X. 

82 

two-pipe  up-feed  system 

IV, 

191 

efliciencj"  of 

X. 

84 

Hot-water  radiation,  table 

X. 

121 

types  of 

X. 

82 

Hot- water  radiators  and  valves 

IV. 

188 

pipe  connections 

X. 

99 

Hot-water  storage 

X, 

303 

pipe  sizes 

X. 

100 

House,  final  inspection  of 

I, 

102 

registers 

X. 

97 

House  drainage  system 

X, 

337 

stacks 

X. 

87 

House  water  supply 

X, 

279 

vent  flues 

X. 

93 

Housed  strings 

II, 

159 

warm-air  flues 

X. 

91 

Hydrant 

X. 

294 

Ingredients  in  one  cu.  yd.  concrete, 

Hydraulic  water-lifts 

X, 

291 

table 

IV, 

31 

Hj-perbola 

VI, 

66 

Ink,  India 

VI, 

26 

Hj-pocycloid 

VI, 

68 

Inking  the  drawing 

VI, 

258 

I-beam,  method  of  rolh'ng                      V, 
Igneotisrock                                        III, 
Illtuninatingdata  for  meridian  lamps, 

table     IV. 
Illiunination                                           IV, 
intrinsic  brightness                        IV, 
irregular  reflection                         IV, 
regular  reflection                            IV, 
imit  of                                              IV, 

18 
215 

328 
322 
322 
323 
323 
322 

Inscription  lettering 
Inside  finish 
architraves 
doors  ■ 

custom-made 
hardware  of 
floor  boards,  matching 
floor  paper 
floors 

VI. 

I, 
I, 
I. 
I, 
I, 
I, 
I. 
I. 

203 
81 
81 
88 
88 
89 
94 
94 
93 

Impost,  definition  of 

VII, 

252 

hardware,  inspection  of 

I. 

92 

Incandescent  grate,  asbestos 

X. 

336 

locks 

I. 

90 

Note. — For  page  numbers  see  foot  of  pages. 


417 


22 


INDEX 


Part  Page 

Part  : 

Page 

Inside  finish 

Intersected  cylinder,  development  of  IX, 

16 

stairs 

I, 

84 

Intersection  and  development 

VI, 

111 

windows 

I, 

86 

Intrados,  definition  of 

III, 

311 

Instruments  and  materials.  Arch. 

D.   VI, 

229 

Intrinsic  brilliancies  in  candle- 

power 

drawing  boards 

VI, 

230 

per  sq.  in.. 

table     IV, 

322 

erasers 

VI. 

229 

Invert,  definition  of 

III, 

311 

papers 

VI. 

231 

Involute 

VI. 

68 

tinted 

VI. 

231 

Ionic  base 

VIII, 

85 

tracing 

VI. 

232 

Ionic  capital 

VIII, 

89 

pencils 

VI. 

229 

'     abacus  of 

VII. 

280 

scales 

,    VI, 

232 

Ionic  and  Doric  orders,  essential 

set  of  instruments 

VI. 

230 

differences  between  VIII, 

79 

T-squares 

VI, 

231 

Ionic  intercolumniation 

VIII, 

151 

tracing  cloth 

VI. 

232 

Ionic  order                          VII 

,  280:  VIII, 

35 

triangles 

VI. 

231 

description  of 

VIII, 

81 

Instruments  and  materials,  Mech. 

D.  VI. 

11 

examples  of 

VIII,  81, 

111 

beam  compasses 

VI, 

29 

height  of  shaft  in 

VIII, 

82 

bow  pen 

VI. 

24 

origin  of 

VIII, 

79 

bow  pencil 

VI 

24 

Ionic  pilasters 

VIII, 

158 

compasses 

VI, 

20 

Iron,  weight  of  sq.  ft.  of,  table 

IX, 

122 

dividers 

VI, 

23 

Iron  piping 

I, 

61 

drawing  board 

VI, 

13 

Irregtilar  curve 

VI, 

28 

drawing  paper 

VI, 

11 

Isometric  projection 

VI, 

129 

drawing  pen 

VI, 

24 

Isometrical  drawing 

VI, 

129 

erasers 

VI, 

14 

Italian  Renaissance  letters 

VI, 

178 

ink 

VI, 

26 

irregular  curve 

VI. 

28 

Jack  rafters 

II, 

111 

pencils 

VI. 

14 

Jamb,  defhiition  of 

III, 

283 

protractor 

VI. 

27 

Jet-siphon  closet 

X. 

265 

scales 

VI. 

27 

Joint 

II,  36;  III, 

130 

T-square 

VI. 

15 

computation  of  the  strength  of     III, 

132 

thumb  tacks  •■ 

VI. 

13 

definition  of 

III, 

282 

triangles 

VI, 

17 

efficiency  of 

III, 

134 

Insulators,  wires  run  exposed  on 

IV, 

216 

forces  at 

III, 

161 

Intercolumniation 

VII, 

321 

frictional  strength  of 

III. 

131 

Corinthian 

VIII, 

152 

kinds  of 

III. 

130 

ditriglyphic 

VIII, 

147 

bridge 

II. 

38 

Doric 

VIII, 

147 

butt 

II.  37;  III. 

130 

Greek 

VIII, 

147 

double-riveted 

III. 

130 

Ionic 

VIII, 

151 

double  tenon 

II. 

42 

monotriglyphic 

VIII, 

147 

gained 

II. 

39 

Interior  columns 

V. 

14 

■  halved 

11, 

42 

Interior  finish 

I. 

304 

lap 

III. 

130 

Intermediate  studding 

II, 

60 

mortise-and-tenon 

11. 

38 

Interpretation  of  drawings  and 

riveted 

III. 

130 

specifications 

V, 

145 

single-riveted 

III. 

130 
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Joint 

kinds  of 

tenon-and-tusk 

II. 

40 

strength  of 

V. 

205 

ultimate  efficiency  of 

III. 

134 

working  efficiency  of 

III. 

134 

Joggle,  definition  of 

III. 

283 

Joists 

II. 

74 

connections  of 

II. 

77 

Keene's  cement 

I, 

198 

Kerflng 

IL 

188 

Keystone,  definition  of 

III, 

311 

Kind  of  drawing  in  rendering 

VIII. 

313 

Kinds  of  beams 

III. 

91 

Kinds  of  loads 

III. 

91 

King  post  truss 

IL 

133 

Kitchen,  design  of 

VL 

311 

Kitchen  sink 

X, 

257 

Knots  in  timber 

IL 

17 

Lacing 

V. 

195 

Lag  screws 

V. 

192 

Lamps,  electric 

IV. 

305 

types  of 

amyl  acetate 

IV. 

343 

Bremer 

IV, 

313 

carcel 

IV, 

343 

mercury  vapor 

IV, 

314 

Nernst 

IV, 

307 

osmium 

IV, 

313 

pentane 

IV. 

343 

Lap  joint 

IIL 

130 

Lateral  area 

VI. 

61 

Lateral  deflection 

V.  29, 

36 

Lathing                                1.  55; 

IX,  366, 

391 

Laundry  traps 

X. 

259 

Lavatories 

X. 

245 

design  of 

VI. 

312 

Laws  for  buildings 

V. 

52 

Laws  for  specifications 

V. 

52 

Laying  out  building 

II, 

31 

Laying  washes 

VL 

262 

Lead 

X. 

226 

Lead,  weight  of  sq.  ft.  of,  table 

IX, 

122 

Lead  pipes                                    I 

,  60;  X, 

226 

Leaf-and-dart  moulding 

VIII, 

79 

Part  Page 
II,  87 
II,       54 

I.  315-365 
VL  178 
VI.  178 
VL     178 

VL     177 
VL     193 


VI, 
VI. 
VL 
VI, 


Lean-to  roof 

Ledger  board 

Legal  relations  of  architect 

Letter  forms 

derivation  of 
Italian  Renaissance 

Lettering 

arcliitectural 

composition 

inscription 

mechanical  drawing 

office 

spacing 

Lettering  drawings 

Letters 

Albrecht  Durer  VI 

capital  VI, 

classic  Roman  vi, 
Gothic                               VI,  30,   147, 

Italian  Renaissance  VI, 

lower-case  VI, 

minuscule  VI, 

raised  VI, 

Roman  vi. 

skeleton  VI, 

small  VI. 

Liens                                       '  i, 

Lift  pump  X, 

Light,  distribution  of  IV, 

Light  gauge  metal  problems  IX, 

chute,  curved  rectangular  IX, 

flange,  tapering  IX, 

hopper  register  IX, 

hot-air  pipe  IX, 

oblique  piping  IX, 

pipe  connections  IX, 

rain-water  cut-off  IX. 

three-way  branch  IX, 

two-branch  fork  IX, 

Light  and  shade  VII,  40;  VIII, 

color  of  material  VIII, 

Ughting  VIII, 

principality  of  accent  VIII, 

shadows  only  VIII, 

values  VIII, 

Light  standards  IV, 


203 
29 

177 
199 


VI,  146 


178 
32 
205 
,222 
178 
32 
200 
220 
147 
193 
200 
337 
287 
294 
147 
154 
139 
157 
151 
147 
160 
149 
162 
166 
318 
321 
320 
323 
322 
318 
341 
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Lighting  of  public  halls,  offices,  ^ 

etc. 

IV, 

330 

Live-load  reduction  on 

Lighting  data  for  arc  lamps 

;.  table 

IV. 

332 

colunuis 

V. 

56 

Lime  aud  cement 

I. 

123; IX. 

369 

foundations 

V, 

56 

brick  veneer 

I, 

125 

girders 

V. 

56 

cleaning  down 

1, 

126 

Living  rooms,  design  of 

VL 

310 

color  of 

I, 

124 

Load-bearing  walls 

V. 

11 

durability  of 

I, 

123 

Loads,  kinds  of 

Ill,  62. 

91 

efflorescence  of 

I, 

127 

Local  vent  stacks 

X. 

359 

hydraulic 

I, 

123 

Lock 

IX. 

280 

protection  of 

I. 

125 

Lomas  nuts 

V, 

193 

setting  of 

I, 

123 

Loop  eye  rods 

V. 

193 

waterproofing  of  walls  by 

I, 

126 

Lower-case  letters 

VI. 

32 

Limes                         I.  29.5; 

:  III, 

22' 

r;  IX, 

,369 

Lubrication  of  cylinders 

V. 

335 

hydraulic 

in. 

228 

Lumber  for  construction  and  finish         I, 

222 

1 
poor 

111. 

228 

Lummer-Brodhim  photometer 

IV, 

345 

rich 

Ill, 

227 

Limit  switches 

V. 

349 

Magneto 

IV. 

237 

Limit  valves 

V, 

337 

Main  plates 

III. 

131 

Limiting  lines 

VI, 

254 

Mansard  roof 

II, 

88 

Line  capacity  ■ 

IV, 

243 

framing  of 

II, 

95 

Line  drawing 

VI, 

237 

Mantels 

I, 

243 

character  of 

VL 

237 

Maple 

II. 

25 

colored 

VI. 

240 

Masonry 

I, 

42 

shade 

VI, 

238 

classification  of 

III. 

277 

Ijine  shading 

VI, 

144 

definitions  of  terms  used  in 

Ill,  277 

-286 

Line  work 

repairs  in                          I,  " 

127;  III, 

302 

free  lines 

VIII, 

317 

Masonry  construction       I,  237 

;  IIL  215 

-331 

method 

VIII, 

316 

arches 

III, 

309 

quality  of  line 

VIII, 

314 

basement  floor 

I. 

237 

vertical  lines 

VIII. 

317 

bridge  abutments 

Ill, 

203 

Linear  dimension,  definition  of 

II. 

235 

bridge  piers 

III, 

323 

Linear  expansion  coefficients 

Ill, 

125 

culverts 

III, 

325 

Lines 

foundations 

III, 

253 

definition  of 

VL 

55 

kinds  of 

limiting 

VL 

245 

ashlar 
brick 

IIL 
III, 

293 
298 

of  measures 

II, 

105 

broken  ashlar 

IIL 

295 

oblique 

VII, 

115 

concrete  steel 

III. 

329 

parallel 

VII, 

28 

rubble 

Ill, 

295 

shade 

VII, 

174 

stone 

III, 

296 

shadows  of 

VII. 

178 

repair  of 

III. 

302 

straight 

VII. 

19 

structures 

III. 

303 

Lintels 

terms  used  in 

III.  277 

-286 

definition  of 

III, 

283 

i;  vn. 

249 

walls 

III. 

303 

size  and  character  of 

V, 

102 

Masonry  materials 

I. 

235 

Listels 

VIII.  61, 

69 

brick 

I, 

235 
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Masonry  materials 

Mechanical  drawing 

broken  stone 

235 

geometrical  definitions 

VI, 

55 

cement 

235 

angles 

VI, 

56 

cementing 

III, 

225 

circles 

VI, 

59 

concrete 

237 

cones 

VI, 

63 

face  brick 

239 

conic  sections 

VI, 

65 

granite 

236 

cylinders 

VI, 

63 

preparation  of 

III, 

286 

lines 

VI, 

55 

sand 

235 

odontoidal  curves 

VI, 

67 

setting  of  granite  and  soft  stone      I, 

239 

polygons 

VI. 

58 

soft  stone 

I, 

236 

pyramids 

VI, 

&2 

setting  terra-cotta 

I, 

240 

quadrilaterals 

VI, 

57 

structural 

III, 

215 

solids 

VI, 

61 

terra-cotta 

I. 

236 

spheres 

VI, 

64 

Masonry  structures 

Ill, 

303 

surfaces 

VI, 

56 

Slasonry  walls 

II, 

63 

triangles 

VI. 

56 

Materials  and  instruments,  IMech 

D.  VI, 

11 

geometrical  problems 

VI.  69-93 

ilaterials  iised  in  rendering 

VIII, 

314 

instrimients  and  materials 

VI. 

11 

Materials  under  simple  stress 

III, 

21 

beam  compasses 

VI, 

29 

Matthew's  integrating  photometer       IV, 

349 

bow  pen 

VI, 

24 

Maximum  shear 

III, 

41 

bow  pencil 

VI, 

24 

table 

III, 

63 

compasses 

VI, 

20 

Mean  spherical  candle-power 

IV, 

295 

dividers 

VI, 

23 

Measure 

drawing  board 

VI, 

13 

pattern  for 

IX, 

40 

drawing  paper 

VI, 

11 

size  of,  table 

IX, 

40 

drawing  pen 

VI, 

24 

^Measure,  auxiliary  lines  of 

VII, 

105 

.    erasers 

VI, 

14 

Pleasure  lines                          VII, 

137; IX, 

13 

ink 

VI, 

26 

Measure  point 

VII, 

137 

irregular  curve 

VI, 

28 

Measured  work 

VI, 

289 

pencils 

VI, 

14 

approximations 

VI, 

291 

protractor 

VI, 

27 

arches 

VI, 

290 

scales 

VI, 

27 

datum  lines 

VI. 

289 

T-square 

VI, 

15 

elevation  measurements 

VI. 

290 

thumb  tacks 

VI, 

13 

hand  level 

VI. 

289 

triangles 

VI, 

17 

inaccessible  portions 

VI. 

291 

intersection  and  development 

VI, 

111 

materials 

VI, 

289 

lettering 

VI,  29, 

146 

measiu-ing  tapes 

VI. 

289 

line  shading 

VI. 

144 

projections 

VI. 

291 

plates                                 VI, 

33,  69, 

160 

rubbings 

VI. 

291 

projections 

VI. 

95 

Measurement  of  angles 

VI, 

60 

tracing 

VI, 

154 

Measurements,  completeness  of 

V. 

296 

Mensuration  problems 

IX, 

357 

Measuring  tapes 

VI, 

289 

Mercury  vapor  lamp 

IV. 

314 

Mechanical  drawing 

VI,  11 

-172 

Metal  roofing 

IX, 

242 

assemljly  drawing 

VI, 

158 

tools  required  for 

IX. 

243 

blue  printing 

VI, 

157 

Metal  walls 

V. 

13 
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Metal  work 

I, 

298 

Mouldings 

Metamorphic  rocks 

III. 

216 

cavetto 

IX, 

289 

Metope 

VIII. 

66 

classical 

VII, 

253 

Mild-steel  columns,  data  for 

,  table  III,  107,111 

cove 

IX, 

289 

Mill  bviilding  columns 

V. 

251 

cyma  recta 

IX, 

288 

Mill  building  construction 

V, 

180 

cyma  reversa 

IX, 

289 

special  features 

V. 

180 

decoration  of 

VIII, 

74 

Mill  invoices  of  steel 

V. 

150 

echinus 

VIII, 

70:  IX, 

289 

Minimum  thickness  of  abutments 

egg-and-dart 

VIII, 

79 

for  arches 

,  table 

III. 

315 

fascia 

VIII, 

69 

Minuscule  letters 

VI, 

200 

fillet 

VIII, 

69 

Miter,  definition  of 

IX, 

282 

Greek 

VIII. 

69 

Miter  cutting 

IX 

,  290, 

343 

leaf-and-dart 

VIII, 

79 

Modeling  an  architectural  drawing 

VI, 

248 

listel 

VIII, 

69 

shadows  at  45  degrees 

VI, 

248 

ogee 

VIII, 

70;  IX, 

288 

values 

VI, 

251 

ovolo 

IX. 

289 

Modillion  course 

IX, 

280 

Roman 

VIII. 

261 ; IX, 

288 

Module 

VII. 

257 

scotia 

VIII. 

70 

ModiUus  of  elasticity  of  concrete. 

torus 

VIII 

.69;  IX. 

289 

table 

IV. 

71 

woven-band 

VIII. 

74 

Modulus  of  rupture 

Ill, 

84 

Moulds  for  cement 

IV. 

20 

Moment  diagrams 

III. 

46 

Mutual  induction 

IV. 

242 

table 

III. 

63 

Mutular  order 

VII. 

262 

Moment  of  a  force 

III. 

26 

Mutules 

VIII. 

66 

Moment  of  inertia 

Ill, 

56 

of  built-up  sections 

III, 

59 

reduction  formula 

in. 

58 

Nailing  surface 

II, 

60 

table 

III. 

62 

Natural  cement 

III. 

228 

unit  of 

Ill, 

57 

characteristics  of 

III. 

228 

Moments,  principle  of 

• 

III. 

27 

Natural  stones,  classification  of 

III. 

215 

Monoliths 

VllI, 

40 

Natural  timber 

II. 

11 

Monotriglyphic  intercolumniation 

VIII. 

147 

Neat  cement,  strength  of. 

table 

IV, 

22 

Mortar                        I.  295; 

III,  241 ;  IX. 

369 

Nernst  lamp 

IV, 

307 

applybig  to  laths         I, 

,  57; IX 

:.  378, 

393 

Net  section 

III, 

132 

cement 

III, 

243 

Net  weight  per  box  tin  plates,  table     IX, 

241 

freezing  of 

III. 

245 

Neutral  axis,  position  of 

IV, 

69 

proportions  for 

III,  24: 

2;  IX. 

375 

Neutral  axis  of  a  beam 
Neutral  line  of  a  beam 

III, 
III. 

64 
64 

retempering  , 

Ill, 

245 

sand  for 

III,  24: 

2;  IX, 

376 

Neutral  surface  of  a  beam 
Niches 

Ill, 
II. 

64 
146 

uses  of 

III, 

241 

water  for 

III,  243;  IX, 

372 

Nitrogen 

X, 

17 

Mortise-and-tenon  joints 

II, 

38 

Non-concurrent  forces 

III, 

140 

Moulding,  wires  rim  in 

IV. 

209 

Non-elastic  deformation 

III, 

129 

Moulding  outlines 

VIII, 

35 

Notation  for  forces 

III, 

139 

Mouldings 

IX, 

288 

Notched  strings 

II. 

160 

astragal 

VIII. 

69 

Notching  patterns 

IX, 

24 
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Oak 

II. 

25 

Overhead  line  work 

.IV. 

268 

Oblique  lines,  vauisliiiig  points  of 

VII. 

115 

poles 

IV, 

269 

Oblique  piping 

IX, 

147 

Ovolo  moulding 

IX, 

289 

Oblique  projection 

VI 

:,  141, 

246 

Oxygen 

X. 

17 

Obtuse  angles 

V. 

21 

Odontoidal  curves 

VI, 

67 

Pail,  pattern  for 

IX. 

25 

OfHce  buildings 

VI, 

318 

Paint 

I,  245;  IX. 

397 

Office  lettering 

VI, 

177 

Painting 

1,95;  IX. 

397 

Office  lighting 

IV, 

330 

colors 

I,  96 ;  IX, 

404 

"Offsets,  data  relating  to 

X, 

319 

estimating 

II,  276;  IX. 

397 

Ogee  moulding                      VIII,  70;  IX, 

288 

exterior                        I, 

95;  IX,  408. 

410 

One-man  stone,  definition  of 

III, 

283 

filling  and  finishing 

I,  99;  IX, 

406 

One-pipe  circuit  system 

X, 

64 

floor  finish 

I,  100;  IX, 

418 

One-pipe  relief  system 

X, 

62 

glazing 

I,  101;  IX, 

420 

One-pipe  risers,  capacities  of,  table 

-IV, 

156 

inside 

I,  97;  IX, 

407 

One-point  perspective 

VII, 

128 

miscellaneous 

I,  101;  IX, 

401 

Open-newel  stairs 

II. 

184 

preparation  of  surface  for  I,  99;  IX, 

407 

Open  strings 

II. 

159 

priming                        I, 

97;  IX,  397, 

407 

Order  of  the  Parthenon 

VIII. 

48 

puttying                      I, 

95;  IX,  407, 

422 

Ordering  steel  materials 

V, 

23 

repainting 

IX, 

409 

Orders                      VII,   245-391;  VITI,    11 

-279 

rubbing  down 

I,  100;  IX, 

415 

caryatid 

VIII, 

35 

shellac  and  varnish 

I,  99;  IX, 

413 

composite                   VII, 

318; 

VIII, 

189 

staining                         I 

,  96.  98;  IX. 

415 

Corinthian 

VII, 

301 

tinting 

I,  101;  IX, 

404 

denticular 

VII, 

262 

Painting  structm-al  metal 

V,  95; IX. 

411 

Doric                     VII,  262 

; ;  VIII,  35, 

45 

Pallets,  definition  of 

III. 

284 

Ionic 

VII, 

280 

PaLmette  ornament 

VIII, 

74 

mutular 

VII, 

262 

Panel 

IX. 

280 

Persic 

VIII,   35, 

134 

Panel-mould 

IX, 

281 

Roman                       VII, 

245; 

VIII, 

188 

Pantheon,  Rome 

VIII,  177, 

232 

Tuscan 

VII, 

258 

Pantry  sink 

X, 

257 

Orders  for  secular  buildings,  use  of 

VIII. 

175 

Paper 

VI, 

231 

Origin  of  Doric  entablature 

VIII, 

55 

tinted 

VI, 

231 

Origin  of  the  entasis  of  the  column 

VIII, 

36 

tracing 

VI, 

232 

Origin  of  flutmgs 

VIII. 

36 

Parabola,  definition  of 

VI, 

66 

Ornament,  architectiiral 

VI, 

308 

Parabola-Euler  formulas  for  col- 

Orthographic  projection 

VI, 

95 

unms          III, 

110 

Osmium  lamps 

IV, 

313 

Parallel  line  developments 

IX, 

14 

Outlet-boxes 

IV 

263 

Parallel  lines 

VII. 

28 

Outside  finish 

I 

50 

Parallel  of  the  orders 

VIII, 

41 

clapboarding  and  siding 

I, 

54 

Parallel  perspective 

VII, 

128 

porch  and  piazza 

I, 

53 

Parapet  wall 

III, 

283 

shingles 

I, 

50 

Parthenon 

VIII, 

32 

slating 

I, 

52 

order  of 

VIII, 

48 

wall  shingles 

I, 

55 

Partition  framing 

I. 

41 

window  frames 

I, 

52 

Partitions 

II,     62;    V, 

90 

Note. — For  page  numbers  see  foot  of  pages. 
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Part  Page 
Partitions 

bearing  V,  14 

special  II,  65 

supports  for  II.  74 

tests  of  V,  92 
Patterns 

methods  of  oV)taiuiug  IX,  12 

notching  IX,  24 

transferring  IX,  25 

Paxil  heating  system  X,  155 

Pedentives  II,  143 

Pedestal 

definition  of  VII,  251 

Roman                         VIII.  189.  192.  207 

Pediments,  Roman  VIII,  267 

Pen  and  ink  rendering  VIII,   313-346 

Pencil  work  VIII,  325 

Pencils  VI,  14 

Pentane  lamp  IV,  343 
Percentage  of  water  for  standard 

sand  mortar,  table     IV,  17 

Persic  order  VIII,  35.  134 
Perspective 

curves  in  VII,  147 

parallel     .  VII,  128 

of  a  point  VII,  87 

Perspective  drawing        VI,  285;  VII,  75-171 

apparent  distortion  VII,  152 

axioms  of  VII.  83 

curves  VII,  147 

definitions  and  theory  VII.  75 

projection  VII,  75 

system  VII.  78 

vanishing  point  VII,  78 

visual  ray  VII,  75 

lines  of  measure  VII,  105 

notation  VII,  95 

plates  VII,  157-171 

problems  in  VII,  97 

Perspective  plan,  method  of  VII,  135 

Perspective  projection  VII,  76 

Perspective  studies  VI.  285 

Photometers  IV,  344 

Limimer-Brodhun  IV,  345 

Matthew's  integrating  IV,  349 


Photometers 

Weber 
Photometry 

light  standards  of 

working  standards  of 
Piazzas,  estunating 
Picture  plane 
Pier,  definition  of 
Pilasters 

Corinthian 

Doric 

Greek 

Roman 
Pile-driving 
Pile  foundations 

concrete 

cost  of 

example  of 

moulded  concrete 

iron  and  steel 

timber 
Piles,  splicing  of 
Pillars,  defhiition  of 
Pilot  nuts 
Pilot  valve 
Pin  ends  column 
Pines 

Pipe  connections 
Pipe  and  fittings 

fittings 

hangers 

pipe 
Pipe-fitting  tools 

drills 

miscellaneous 

pipe  cutters 

pipe  tongs 

pipe  wrenches 

pliers 

reamers 

stocks  and  dies 

taps 

vise  and  bench 


Part  Page 

rV,  348 

IV,  341 

IV.  341 

IV.  343 

II.  265 

VII,  76 

III    311;  VII.  249 

VIII.  161 

VIII.  155 

VIII.  155 

VIII.  273 

III.  258 

III.  255;  V.  155 

III,  257 

II,  243 

III,  269 

III,  257 

III.  256 

III.  255 

III,  261 

VII,  249 

V.  192 

V,  329 

III,  97 
II.  21 

IX,  160 

IV.  173 
IV,  176 
IV.  177 
IV,  173 
IV,  181 
IV,  185 
IV,  186 
IV.  181 
IV,  183 
IV,  184 
IV.  185 
IV.  185 
IV,  182 
IV,  185 
IV.  181 


Pipe  for  pile  driving,  number  and 

size,  table    III,     261 
Pipe  radiators  X,       55 


Note. — For  page  numbers  see  foot  of  pages. 
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Part  Page 

Pipe  risers  for  hot  water,  table  X,  121 

Pipe  sizes,  single  pipe  system,  table  X,  "5 
Pipes 

expaiisiou  of  X,  66 

warm-air  X,  40 

Piping  for  heating  system  X,  59 

Piping  for  hot- water  systems  X,  111 

Piston  packing  V,  334 

Pitch-board  II,  162 

Pitch  roof  II,  87 

Pitched-face  masonry,  definition  of  III,  284 

Plain  beam,  detailed  design  of  IV,  89 

Plam  Ionic  capital  VIII,  92 

Plain  rod  V.  194 

Plan,  definition  of  VI,  240 

Planceer  IX,  280 

Plane  of  horizon  VII,  81 

Plane  of  light,  definition  of  VII,  1 74 
Planes 

auxiliary  VII,  196 

distinction  between  different  VI,  274 

shadows  of  VII,  181 
Planes  of  light  X  to  the  co-ordinate 

planes  VII,  201 

Planes  of  projection  VII,  85 

Plans  VI,  320 

attic  VI,  329 

basement  VI,  324 

first-floor  VI,  324 

roof  VI.  329 

second-floor  VI,  326 

Plastering                     I.  57.  244,  297;  IX.  365 

estimating  II,  273 

exterior                                I.  58;  IX,  389 

interior  I^'  365 

mixing                          I,  57;  IX,  371,  375 

Plate  glass  for  windows  I,  102 

Plate  nuts  V,  193 

Plates  V,  21 

buckled  V.  23 

edged  V,  21 

sheared  V,  21 

troiigh  V,  23 

Platform  stairs  II.  178 

Plinth,  definition  of  III,  284 

Note. — For  page  numbers  gee  foot  of  pages. 


Part  Page 

Plugs,  definition  of  III,  284 

Phmiljer,  definition  of  X.  225 

Plumbing  I,  59,  245.  308; X,  225-377 

estimating  II,  282 

fixtures  for  I.  64.  245 

bath  tubs  I.  68 

cocks  I.  68 

connections  and  vents  I.  66 

tanks  I,  67 

traps  I,  62 

waste  pipes  I,  62 

gas  piping  I.  249 

pipes  I,  60 

brass  I,  61 

iron  I,  61 

lead  I,  60 

^  testing  of  I.  63 

soil  pipe  I.  247 

traps  I,  247 

Plumbing  fixtures  X.  233 

bathtubs  X.  233 

Bidet  fixtures  X.  243 

drinking  fountain  X,  244 

foot-bath  X,  243 

gas  piping  X.  320 

grease-traps  X,  258 

house  water  supply  X,  279 

laimdi-y  trays  X,  259 

lavatories  X,  245 

pumps  X,  287 

shower  baths  X,  239 

sinks  X,  253 

sitz  baths  X.  241 

lu-inals  X.  277 

water-closets  X.  261 

Plumbing  pipes  I.  48.  200 

Plimger  elevators  V,  332 

Pneumatic  siphon  closets  X,  263 

Pneiunatic  system  of  supplying  water  X,  293 

Point  of  sight  VII,  76 

Pointing,  definition  of  III.  283 

Points,  shadows  of  VII,  176 

Pole  data,  table  IV.  271 

Polygon  for  forces  at  a  joint  III.  167 

Polygons,  definition  of  VI,  58 

Polyphase  circuits  IV,  253 
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Part  Page 

Poplar 

II. 

25 

Public  hall  lighting 

IV. 

330 

Porch  floors 

II, 

83 

Puddling 

III. 

252 

Porches,  estimating 

II, 

265 

Pumps 

X. 

287 

Portland  cement 

III, 

229 

lift  pump 

X. 

287 

characteristics  of 

III,  229 

CIV. 

11 

operated  by  gasoline  engines 

X. 

290 

Power  distribution 

IV, 

316 

suction  pump 

X. 

287 

multiple  system 

IV. 

321 

Punched  beam,  detail  of 

V. 

213 

series  system 

IV. 

316 

Punching  machine 

IX. 

286 

Power  transmission  of 

shaft,  for- 

Purlins 

Ill, 

157 

mula  for 

Ill, 

121 

Puttying 

I. 

95 

Practical  problems  in  design 

VI, 

305 

Pyramids,  definition  of 

VI. 

62 

Pratt-Sprague  elevator 

V, 

350 

Priming 

I. 

97 

Quadrangular  prism  and  sphere. 

Prism 

intersection  of 

IX, 

73 

development  of 

IX.  1; 

5,  67 

Quadrilaterals,  definition  of 

VI. 

57 

drawing  the 

VII. 

30 

Quantimi  meruit 

I. 

316 

Problems  in  beams 

V. 

109 

Quarry-faced  masonry,  definition  of 

III. 

284 

Profile 

IX. 

13 

Queen  post  truss 

II. 

133 

Profile  plane 

VI, 

101 

Quoin,  definition  of 

Ill, 

284 

Projections 

II,  196; 

VI.  95 

,  291 

definition  of 

VII. 

75 

Radiation,  computing                  IV. 

162, 

195 

isometric 

VI. 

129 

direct                                       IV. 

162, 

195 

oblique 

VI. 

141 

direct-indirect 

IV. 

164 

orthographic 

VI. 

95 

indirect                                   IV. 

164, 

195 

principles  of 

VI. 

99 

Radiation  capacities  of  expansion 

third  plane  of 

VI. 

101 

tanks,  table 

IV. 

195 

Proper  distance  to  screw  pipes  into 

Radiator  connections 

X, 

65 

fittings,  table 

IV, 

182 

Radiator  for  furnace 

X. 

34 

Properties  of  Carnegie 

corrugated 

Radiators 

X. 

53 

plates,  table 

V. 

40 

cast-iron 

X. 

53 

Properties     of     Carnegie     trough 

efficiency  of 

X, 

57 

plates,   table 

V, 

40 

location  of 

X, 

59 

Properties  of  channels,  table 

V. 

42 

pipe 

X, 

55 

Properties  of  I-beams,  table 

V.38-40 

valves  for 

X, 

68 

Properties  of  standard 

I-beams, 

Radius,  definition  of 

VI, 

59 

table 

III, 

82 

Radius  of  gj-ration                     III,  98;  V, 

43 

Properties  of  standard  and  special 

table  of 

III. 

62 

angles,  table 

V.  44,  45,  48, 

51 

Rafter  bevels 

98 

Proportioning  flanges 

V, 

264 

Rafters                                    II,    89; 

Ill, 

157 

Proportioning  the  web 

V, 

266 

backing  of 

112 

Proportions  of  cement. 

sand,  and 

common 

98 

stone,  in  actual  structures,  table 

IV. 

30 

hip 

109 

Proposal  sheet 

I. 

251 

jack 

111 

PropyliEa 

VIII. 

51 

valley 

101 

Protection  of  steel,  paints  used  for 

V. 

95 

Rain-water  cut-off 

IX, 

149 

Protractor 

VI, 

27 

Raised  letters 

VI. 

220 

Note. — For  page  numbers  see  fool  of  pages. 
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Part  Page 

Part  Page 

Raking  mouldings 

IX, 

282 

Rendering  sections  and  plans 

VI, 

270 

Ramming  concTete 

IV, 

44 

Rendering  in  wash 

VI, 

257 

Range  closets 

X, 

273 

graded  tints 

VI. 

270 

Raiilvine's  column  formula 

III, 

100 

laying  washes 

VI. 

262 

Ransome  system  of  fireproof  floors 

V, 

80 

materials 

VI. 

257 

Ray  of  light 

VII, 

175 

method  of  procedure 

VI, 

258 

definition  of 

VII, 

174 

handling  the  brush 

VI, 

262 

Reactions  on  beams,  determina- 

inking the  drawing 

VI, 

258 

tion  of 

III, 

29 

preparing  the  tint 

VI. 

261 

Reactions  of  supports 

III, 

26 

stretcliing  paper 

VI. 

258 

Records,  stress 

III, 

172 

plates 

VI,  294-302 

Rectangular  hyperbola 

VI, 

67 

Rendering  in  water  colors 

VI, 

282 

Reducing  valves 

X, 

136 

Residence  lighting 

IV, 

324 

Reduction  in  values  of  allowable 

illumination 

IV, 

324 

fiber  stress,  etc.,  table 

V, 

36 

calculation  of 

IV, 

324 

Reforming  contracts 

1, 

327 

plan  of 

■     IV, 

324 

Refrigerator,  design  of 

VI, 

311 

lamps 

IV, 

324 

Registers 

IV, 

165 

arrangement  of 

IV, 

326 

hopper 

IX, 

157 

types  of 

IV, 

324 

warm  air 

X, 

43 

table 

IV, 

330 

Regular  hegaxon,  drawing  the 

VII, 

33' 

Resisting  moment 

IV, 

72 

Regulators 

value  of 

III. 

68 

damper 

X, 

144 

Resisting  moment  of  shafts 

Ill, 

119 

temperature 

X. 

199 

Resisting  shear  of  beam 

III. 

85 

Reinforced  concrete 

IV,   11 

-133 

Resolution  of  a  force 

Ill, 

148 

flexure  in 

IV, 

59 

algebraic 

III. 

149 

retaining  walls 

IV, 

100 

grapliical 

III. 

148 

Reinforced  concrete  beams,  the- 

Restraint in  drawing 

VII. 

13 

oretical  assumptions  of 

IV, 

65 

Retaining  walls         III,  306;  IV, 

100;  V, 

167 

Reinforced  concrete  tanks 

IV, 

96 

arch  culverts 

IV, 

107 

design  of 

IV, 

96 

base-plate 

IV, 

103 

practical  details  of 

IV, 

99 

box  culverts 

IV, 

105 

test  for  overt m-ning 

IV, 

98 

buttresses 

IV, 

.  104 

Relation  of  engineer  to  arcliitect 

V, 

144 

coefflcients  for,  table 

III, 

309 

Relation  of  shop  drawings 

V, 

146 

definition  of 

III, 

285 

Relieving  arches 

III, 

318 

essential  principles 

IV, 

100 

Rendering 

failure  of 

III, 

308 

kind  of  drawing 

VIII, 

313 

footings 

IV, 

110 

light  and  shade 

VIII. 

318 

proportions  of 

III, 

307 

line  work 

VIII, 

314 

protection  of 

III, 

308 

materials 

VIII, 

314 

surcharged 

III, 

307 

pencil  work 

VIII. 

325 

thickness  of 

III. 

307 

studies    in                              VIII,    327 

-333 

weep  holes 

Ill, 

308 

summary 

VIII, 

320 

wind  l^racing 

IV, 

114 

Rendering  elevations 

VI, 

269 

Return  duct 

X, 

39 

Rendering  in  pen  and  ink           VIII,  313 

;-346 

Return  pipe  for  heating 

X. 

76 

Note. — For  page  numbers  see  foot  of  pages. 
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Return  pipe,  sizes,  tal)le 
Return  traps 
Reveal,  definition  of 
Revetment,  definition  of 
Ridge  pole 
Right-hand  threads 
Ring  course,  definition  of 
Ring  stones,  definition  of 
Rip-rap,  definition  of 
Rise,  definition  of 
Rise  and  run,  definition  of 
Riser,  definition  of 


Part  Page 

X,  76 

X,  142 

III,  2So 

III,  285 

II,  91 

V,  194 

III,  311 

III,  311 

III,  285 

III,  285,  311 

II,  155 

II,  155 


Risers,    arrangement    of    in    and 

around  well-hole       il.  226 

Riveted  girders  V,  263 

Riveted  joints  III,  130 

Riveted  plates  III,  132 

compresssivestrengtliof  III,  132 

tensile  strength  of  III,  132 
Rivets 

bearing  value  of  V,  206 

problems  in  V,  209 

shearing  strength  of  III,  130 

shearing  value  of  V,  205 
Rocks 

chemical  classification  of  III,  216 

argillaceous  III.  216 

calcareous  III,  216 

silicious  III,  216 

geological  classification  of  III,  215 

igneous  HI.  215 

met  amorphic  III.  215 

sedimentary  III,  215 

physical  classification  of  III,  215 

stratified  HI,  215 

unstratifled  III,  215 

Rods,  stiffness  of  HI,  122 

Roll-rim  sinks  X,  254 

Roman  architecture  VIII,  165 

arch  and  vault  VIII.  1 65 

character  of  VIII,  178 

combination  of  arch  and  lintel  VIII,  1 67 

origin  of  VIII,  165 

Roman  baths  X,  236 

Roman  column 

diameter  of  VIII,  42 

Note. — For  page  v  umbers  see  foot  of  pages. 


Roman  column 

entasis  of 
Roman  doorways 
Roman  Doric  order 

classic 

early 
Roman  gateways 
Roman  intercolumniation 
Roman  letters 
Roman  mouldings 
Roman  numerals 


Part  Page 

VIII,  263 

VIII,  258 

VIII.  199 

VIII,  193 

VIII,  255 

VIII,  268 

VI,  147 

VIII,  261 

VI.  33 


Roman  orders 
composed  of 

column 

entablature 

pedestal 
divisions  of 

composite 

Tuscan 
transition  from  Greek 
Roman  pediments 
Roman  pilasters 
Roman  temples,  plan  of 
Roman  theater 
Roman  triumphal  arches 
Roman  windows 
Roof 


VII,  245;  VIII,     188 


interior  supports 
rafters 
ridge  pole 
varieties  of 
gable 
gambrel 
hip 

hip-and-valley 
lean-to 
mansard 
pitch 
Roof  arches 

concrete-  steel 
terra-cotta 
tests  of 
Roof  covering 
Roof  details 
Roof  framing 
Roof  mensuration 


VIII,  188 

VIII.  188 

VIII,  189 

VIII,  189 

VIII,  189 

VIII,  223 

VIII,  267 

VIII,  273 

VIII,  175 

VIII,  178 

VIII,  255 

VIII,  260 

I,  223;  II,  87;  V.  16 

II.  91 

II.  S9 

II.  91 

II.  87 

II,  87 

II.  88 

II.  88 

II.  88 

II,  87 

II,  88 

II.  S7 

V,  70 

V.  74 

V,  70 

V,  83 

III,  157 

V,  141 

I.  40 

IX.  243 
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Part  Page 

Roof  pressures,  table 

V. 

1.32 

Roof  trusses,  weight  of 

Ill, 

157 

RoofiiiK 

IX. 

238 

corrugated 

IX. 

262 

estimating 

II. 

270 

flat-steam 

IX. 

247 

metal 

IX, 

242 

soldering  of 

I-X. 

252 

standing-seam 

IX. 

257 

Roofing  and  metal  work 

I, 

143 

conductors 

I. 

150 

flasliings 

I. 

147 

galvanized  iron  work 

I, 

151 

gutters 

I, 

149 

inspection  of 

I. 

149 

kinds  of 

composition 

I. 

148 

copper 

I. 

146 

slate 

I, 

146 

tin 

I. 

144 

skylights 

I. 

153 

tiles 

I. 

148 

tinned  doors  and  shutters 

I. 

152 

Rosendale  cement 

III. 

228 

Rough  glass  per  sq.  ft.,  weight  of. 

table 

IX. 

215 

Rough  strings 

II. 

159 

Rubbuigs 

VI. 

291 

Rubble   masonry 

I,    133 

i;  III, 

295 

Rules  for  ordering  steel  materials 

V. 

23 

Rimning  dog  moulding 

VIII, 

74 

Safe  angles 

V. 

21 

Safe  load  of  beam 

Ill, 

83 

Safe  loads. 

V, 

25 

table 

V,2 

16-28 

Safe  loads  uniformly  distributed 

for  hollow-tile  arches, 

table 

V, 

89 

Safe  offset  for  masonry    footing 

courses, 

table 

III, 

271 

Safe  projection  of  I-beams  footmg. 

table 

III, 

273 

Safe  strength  of  beam 

III. 

83 

Safe  working  loads  for  i 

masonry. 

table 

Ill, 

273 

Safety  governors 

V, 

354 

Sand 

Sand  and  cement  for  mortar, 
amount  of,  table 
Sand  for  mortar 
Sanitary  science 
Scagliola 

Scale  scoop,  pattern  for 
Scalene  cone,  development  of 
Scales 

force 

used  in  details 
Scissors  truss 
Scotia  moulding 
Screens 
Scroll  sign 

Seaming,  allowance  for 
Secant,  definition  of 
Second  beam  formula 
Second-floor  plan 
Section,  definition  of 
Section  modulus 
Sectional  boiler 

Sectional  dra^vlng,  deflnition  of 
Sections 

choosing 

uses  of 
Sections  and  plans,  rendering 
Sector,  definition  of 
Sedimentary  rocks 
Selection  of  truss 
Self-supporting  walls 
Separators  for  beams 
Series-lamp  mechanism 
Service  pipes 
Setting  out  stairs 
Shade  lines 

definition  of 

directions  of 
Shades  and  reflectors 

table 
Shades  and  shadows 

definitions 

notation 

plates 
Shading,  varieties  of 


Part  Page 

I,  214, 

295 

e           III, 

246 

III, 

242 

X. 

225 

I. 

198 

IX. 

42 

IX. 

77 

VI, 

27- 

III, 

139 

V. 

199 

11, 

134 

VIII, 

70 

I. 

303 

IX. 

200 

IX. 

23 

VI. 

59 

III. 

85 

VI, 

326 

VI. 

240 

Ill,  71 ;  V, 

43 

X. 

49 

f            IX, 

283 

V. 

304 

V. 

22 

VI, 

270 

VI. 

60 

Ill, 

215 

V, 

130 

V, 

12 

V, 

105 

IV, 

299 

X. 

295 

11, 

160 

VI,  107, 

238 

VII, 

174 

VII. 

45 

IV, 

337 

IV, 

338 

Vll, 

173 

Vll, 

173 

Vll, 

175 

Vll. 

217 

VII. 

44 
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Shadows 

definition  of 

VII, 

173 

of  lines 

VII, 

178 

of  planes 

VII, 

181 

of  points 

VII, 

176 

of  solids 

VII. 

182 

Shadows  at  45  degrees 

VI. 

248 

Shaft 

definition  of                   III.  1 1 7 ;  VII, 

250 

resisting  moment  of 

Ill, 

119 

'    stiffness  of 

III. 

122 

strength  of 

Ill, 

117 

torsional  stress  in 

III, 

118 

twist  of 

III, 

128 

twisting  moment  of 

III, 

117 

Shaft  detaUs 

V. 

238 

Shear 

external 

III. 

33 

horizontal 

III. 

87 

materials  in 

III. 

25 

metals 

Ill, 

28 

timber 

III. 

25 

maximum 

III. 

41 

units  for 

Ill, 

34 

Shear  diagrams 

III, 

37 

Shear  notation 

III, 

34 

Shear  stress 

III. 

12 

Sheared  plates 

V, 

21 

Shearuig  strength  of  rivet 

III. 

130 

Shearing  value  of  rivets,  deter- 

mination of 

V. 

205 

Sheath  piling 

V. 

168 

Sheathing 

III. 

158 

Sheatliing  paper 

I, 

303 

Sheet  copper,  table 

IX. 

123 

Sheet  metal  work 

IX.    63 

-354 

construction 

IX, 

63 

coppersmith's  problems 

IX, 

177 

brewing  kettle 

IX. 

187 

curved  elbows 

IX. 

185 

sphere 

IX. 

177 

cornices 

IX. 

279 

developments 

IX. 

65 

aeavy  metal  problems 

IX. 

188 

boiler  stacks 

IX. 

189 

elbow,  three-pieced 

IX. 

194 

Part  Page 

Sheet  metal  work 

gusset  sheet 

IX. 

198 

scroll  sign 

IX. 

200 

taper  joint 

IX. 

192 

intersections 

IX, 

65 

light  gauge  metal  problems 

IX, 

147 

chute 

IX. 

154 

flange,  tapering 

IX. 

169 

hopper  register 

IX. 

157 

hot-air  pipe 

IX, 

151 

oblique  piping 

I-X, 

147 

pipe  connections 

IX, 

160 

rain-water  cut-off 

IX, 

149 

three-way  branch 

IX, 

162 

two-branch  fork 

IX, 

166 

mensuration  problems 

IX, 

357 

patterns 

IX. 

65 

practical  workshop  problems 

I-X. 

86 

bath  tub 

IX. 

92 

elbows 

IX. 

104 

Emerson  ventilator 

IX. 

101 

fimnel  strainer  pail 

IX, 

96 

hip  bath 

IX, 

eo 

sink  drainer 

IX. 

86 

roofing 

IX. 

238 

corrugated 

IX, 

262 

flat-seam 

IX. 

247 

metal 

IX. 

242 

soldering  of 

IX. 

252 

standing-seam 

IX, 

257 

shop  tools 

IX, 

64 

skylights 

IX, 

213 

construction  of 

IX, 

213 

patterns  for 

IX, 

216 

shop  tools  for 

IX, 

216 

tables 

IX. 

64 

Sheet  zinc,  table 

IX, 

124 

Shellac  and  varnish 

I. 

99 

Shijigles 

I, 

50 

Shop  details 

illustrations  of 

V. 

298 

problems  in 

V, 

235 

Shop  details  of  girders 

V. 

283 

Shop  drawings 

V. 

197 

conventional  signs 

V. 

202 

details  in 

V. 

197 

relation  of 

V. 

146 
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Shop  drawings 

Skylights 

rivet  holes,  etc. 

V. 

200 

styles  of      ~ 

rivets  and  riveting 

V, 

201 

double-pitch 

IX, 

222 

scales- used  in  detaUs 

V. 

199 

flat  extension 

IX. 

222 

Shop  invoices  of  steel 

V. 

150 

hipped 

IX, 

223 

Shop   practice   and  use 

of  detail 

single-pitch 

IX. 

221 

sliop 

drawmgs 

V. 

146 

Slab  bars,  practical  methods  of 

Shower  baths 

X. 

239 

spacing 

IV, 

79 

Shrinkage  and  settlement  of  build- 

Slab  computation,  table  for 

IV. 

77 

ing 

II, 

68 

Slabs 

Shunt  lamp  mechanisms 

IV. 

298 

on  I-beams 

IV, 

93 

Side  construction  of  terra  cotta 

reinforced  in  both  directions 

IV, 

94 

arches 

V, 

71 

reinforcement  against  tem- 

Signs 

perature  cracks 

IV, 

95 

rule  of  for  bending  moment 

III, 

42 

Slate  roofing 

I, 

146 

rule  of  in  external  shears 

III. 

33 

Slating 

I. 

52 

Silicious  stones 

Ill, 

216 

Sleeve  nuts 

V. 

193 

SUl 

II. 

49 

Slips,  definition  of 

Ill, 

285 

definition  of 

III. 

285 

Slitting  shears 

IX, 

286 

Simple  beams,  table  for 

compu- 

Slop sink 

X, 

258 

tation 

IV. 

80 

Slope  of  soil  pipes 

X, 

355 

Single- jet  gas  biirner 

X. 

328 

Slope-wall  masonry,  definition  of 

III, 

285 

Single-pitch  skylight 

IX, 

221 

Small  letters 

VI, 

200 

Single-riveted  joint 

III. 

130 

Smoke  pipes 

X, 

S7 

Sinks 

X. 

253 

Snow  loads,  analysis  for 

III, 

176 

Siphon  hole 

X. 

309 

Snow  loads  on  roof 

III. 

158 

Siphonage 

X. 

367 

Snow-load  stress 

Ill, 

2C5 

Sitting  room,  design  of 

VI, 

310 

Soffit 

VIII, 

70 

Sitz  baths 

X, 

241 

definition  of 

III, 

311 

Skeleton  letter 

VI. 

193 

of  Doric  order 

VII, 

273 

Sketches 

VI, 

313 

Soil  pipe 

X, 

356 

Sketching 

VI 

286 

fittings 

X, 

360 

materials  for 

VI, 

287 

joints 

X, 

364 

subjects  for 

VI. 

288 

sizes  of 

X, 

356 

water  color 

VI. 

283 

slope  of 

X, 

355 

Skewback  * 

III. 

317 

Soil  stacks 

X, 

353 

definition  of 

III. 

311 

Soils,  bearing  power  of 

V. 

159 

Skin  effect,  calculating 

IV. 

242 

Solids 

Skylights 

I,   153 

;  IX. 

213 

definition  of 

VI. 

61 

bars 

IX. 

216 

shadows  of 

VII. 

182 

construction  of 

IX. 

213 

Spacing  in  lettering 

VI, 

199 

curbs 

IX, 

217 

Spacing  of  standard  I-beams  for 

patterns  for 

IX, 

216 

imiform  load 

V. 

30 

raising  sash 

IX. 

219 

Spacmg  of  steel  beams 

V. 

32 

shop  tools  for 

IX. 

216 

Spall,  definition  of 

Ill, 

285 

styles  of 

I-X. 

221 

Span,  definition  of 

III. 

311 
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Spandrel,  definition  of 

III, 

311 

Spread  foundations 

V, 

153 

Spandrel  beams 

V. 

13 

Springer,  definition  of 

III. 

311 

Spandrel  filling 

Ill, 

316 

Springing,  definition  of 

Ill, 

311 

Special  framing 

II, 

118 

Spruce 

II, 

21 

Specific  gravity,  weight,  and  re- 

Square, drawing  the 

VII, 

28 

sistance  to  crushing  of  brick. 

Square  ends  column 

III, 

97 

table 

III, 

224 

Square-root  angles 

V, 

21 

Specific  gravity,  weight,  and  re- 

Square and  round  iron  bars,  table 

IX, 

132 

sistance  to  crusliing  of  stones. 

Squared-stone  masonry 

HI. 

294 

table 

III, 

219 

Squarmg  shears 

IX. 

286 

Specification                                      I, 

228. 

291 

Stacks  for  indirect  heating 

X, 

87 

architect                                    I, 

232. 

292 

Staining                                                 I 

,   96, 

98 

city  laws 

I. 

230 

Stair-building                                      II,   155 

!-226 

conditions,  general 

I. 

228 

Staircase  details 

VI. 

355 

accepted  and  rejected 

Stair  strings 

II, 

159 

materials 

I. 

229 

Stairs                                               I,  84;  II, 

83 

changes 

I. 

229 

curved 

II, 

186 

contract  drawings 

I, 

228 

estimating  cost  of 

II, 

262 

detail  drawings 

I, 

229 

geometrical 

II. 

187 

responsibility  of  contrac- 

laying out  of 

II, 

174 

tor 

I, 

229 

open-newel 

II, 

184 

contractor 

I, 

292 

setting  out 

II. 

160 

contractor's  foreman 

I, 

231 

types,  common 

II, 

193 

drawings                                    I, 

231, 

293 

Stairways,  design  of 

VI, 

310 

employer's  liability  insurance 

I, 

230 

Standard  forms  of  steel  connections 

V, 

147 

general  scope  of 

I, 

273 

Standard  threads 

V, 

194 

ladders 

I, 

230 

Standard  tin  plates,  table 

IX, 

48 

laws  for 

materials  and  labor 

payments 

samples  of  materials 

scaffold 

sewer  and  water  connections 

site 

backfilling 

excavation 
time  for  completion                 I, 

V. 
I. 
I. 
I. 
I, 
I. 
I, 
I. 
I. 
233, 

52 
291 
232 
230 
230 
234 
233 
234 
234 
293 

Standing-seam  roofing                          IX, 
table                                                IX, 
Starling,  definition  of                              III, 
Starshake                                   .              II, 
Statics                                                  III.  137 
Station  point                                        VII, 
Statute  of  frauds                                       I, 
Staved  strings                                            II, 
Steam  boilers                        IV.    135;    X, 

257 
240 
285 

15 
-212 

76 
.•"523 
160 

46 

Specification  reminder 

I. 

285 

arrangements  of  grates 

IV. 

137 

Sphere 

IX, 

177 

boiler  setting  and  foundations 

IV. 

139 

definition  of 

VI. 

64 

capacit  y  of 

IV. 

M2 

Splices                                                II 

.  36. 

43 

cast-iron  boilers  with  vertical 

for  bending 

11, 

47 

sections 

IV. 

136 

for  compression 

II. 

43 

coal  consumption  of 

IV. 

143 

for  tension 

II. 

45 

for  coke 

IV. 

139 

Split  nuts 

V. 

193 

connections 

IV. 

140 

Spout,  pattern  for 

IX. 

27 

fittings 

IV. 

142 
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steam  boilers 

grate   surface   and   lieating 

capacity 

IV, 

143 

non-conduct  in(j  coverings 

IV, 

144 

sectional  boilers 

X, 

49 

selection  of 

IV, 

137 

small  cast-iron 

IV, 

1.15 

for  soft  coal 

IV, 

138 

trimniiugs 

IV, 

142 

tubular  boilers 

X, 

46 

Steam  coils 

IV, 

145 

miter 

IV. 

147 

return-bend 

IV, 

147 

wall 

IV. 

146 

Steam  elevators 

V, 

315 

Steam  fitting 

IV. 

135 

Steam  flow,  table 

X,  71. 

72 

Steam  heating 

I, 

73 

boilers 

I. 

76 

connections 

I. 

75 

modified  systems  of 

IV, 

170 

mercury  seal  vacuum 

IV, 

172 

thermograde 

IV. 

171 

vapor 

I. 

171 

piping 

I. 

73 

radiators 

I. 

76 

valves 

I. 

75 

Steam  heating,  indirect 

X, 

81 

Steam-heating  boilers,  care  and 

management  of 

X. 

102 

Steam  and  hot  water  fitting 

IV.  135 

-198 

Steam  piping 

IV, 

150 

dry  return  system 

IV, 

150 

one-pipe  system 

IV. 

153 

overhead  feed  system 

IV. 

151 

two-pipe  system 

IV. 

153 

wet  return  system 

IV, 

151 

Steam  pressures  and  temperatures 

IV. 

158 

Steam  radiators 

IV. 

145 

concealed 

IV. 

145 

direct 

IV. 

144 

Steol 

corrosion  of 

V. 

94 

effect  of  quality  of 

IV. 

91 

handbooks  on  use  of 

V, 

17 

mill  invoices  of 

V. 

150 

Part  Page 
Steel 

percentage  of  IV.       72 

resistance  to  slipping  of  in 

concrete         IV.       80 
shop  invoices  of  V.     150 

Steel  bars  V.       23 

Steel  beams 

characteristics  of  shapes  V.       19 

spacing  of  V.       32 

Steel  coliunns  V.     113 

connections,  effect  of 
sections 

calculations  of 
selection  of 
shapes  used 
Steel  connections,  standard  forms 

of 
Steel  construction 
Steel  crest  ings 

Steel  designs,  use  of  tables  for  V. 

Steel  frame  V. 

columns,  position  of  V. 

tie  rods  V. 

Steel  materials,  rules  for  ordering  V. 

Steel  rods  V. 

Steel  square  '  II,  28,    341-367 

as  applied  m  roof  framing  II,     347 

Steel  for  tension,  economy  of  IV.       62 

Steel  work,  estimating  cost  of  V.     150 

Steeples  II,     138 

StifTeners.  use  of  V.     267 

Stiffness  of 

beams  III.      122 

rods  III,      122 

shafts  ■  III,      122 

Stile 

Stone  character  of  Greek  build- 
ings with  Doric  order 
Stone  cutting 

terms  used  in 
axed 
boasted 
broached 

bush  hammered  III,     289 

chiselled  III.     289 

crandalled  III.     289 


V.  116 

V.  120 

V.  121 

V.  120 

V.  114 

V.  1 47 
V.  11-314 
VIII,  143 
24 
58 
60 
68 
23 
23 


IX.  281 

VIII.  57 

III.  286 

III,  289 

III  289 

III,  289 

III,  289 
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stone  cutting 

Stone  cutting 

terms  used  ia 

tools  used  in 

deadening 

III. 

289 

tooth  chisel 

III. 

288 

drafted 

III. 

289 

Stone  nuisonry 

I. 

133 

dressed  work 

III. 

289 

arches 

I. 

138 

droved 

III. 

289 

bonding 

I. 

136 

hammer  dressed 

III. 

289 

classiflcHition  of 

herring  l:)one 

III. 

289 

ashlar 

I, 

135 

nigged 

Ill, 

289 

rubble 

I, 

133 

patent  hammered 

III. 

289 

columns 

I, 

138 

picked 

Ill 

289 

jambs 

I, 

138 

fiitched 

III. 

289 

laying  of  stone 

I, 

135 

plain 

III. 

289 

lintels 

I, 

138 

pointed 

III. 

289 

quoins 

I, 

138 

polished 

III. 

289 

rules  for  laying 

III, 

296 

prison 

III. 

290 

trimmings 

I, 

138 

random  tooled 

III. 

29  0 

Stone  paving,  definition  of 

III, 

285 

rock-faced 

Ill, 

290 

Stones 

I. 

129 

rubbed 

III. 

290 

artificial 

III. 

218 

rustic 

Ill, 

290 

building 

III. 

216 

scabble 

HI. 

290 

classification  of 

III.  215, 

292 

smooth 

III. 

290 

chemical 

III, 

215 

square-droved 

III. 

290 

cut 

III, 

293 

striped 

III. 

290 

geological 

III. 

215 

stroked 

III. 

289 

physical 

III. 

215 

tooled 

III. 

290 

squared 

III. 

292 

toot  lied 

III. 

290 

unsquared 

Ill, 

292 

vermiculated  worm  work 

III. 

290 

dressmg 

III. 

286 

tools  used  in 

III. 

287 

finishing  of 

I, 

130 

axe 

Ill, 

287 

general  ruks  for  laying 

I, 

140 

bush  lianimer 

III. 

287 

preservation  of 

III. 

218 

cavil 

III. 

287 

testing  of 

I. 

129 

cliisel 

III. 

288 

tests  for 

III. 

217 

crandall 

III. 

287 

absorptive  power 

Ill, 

217 

double-face  hammer 

Ill, 

287 

atmospheric  effect 

III. 

218 

face  hammer 

III. 

287 

frost  effect 

Ill, 

218 

hand  hammer 

III. 

288 

Stonework 

I. 

129 

mallet    . 

III. 

288 

estimating 

II. 

243 

patent  hammer 

III. 

288 

general  inspection  of 

I, 

141 

pean  hanmicr 

III. 

287 

pointing 

I, 

143 

pick 

III. 

287 

stock 

I. 

129 

pitching  chisel 

III. 

288 

stone 

I. 

129 

plug 

HI, 

288 

Stop  block 

IX, 

281 

point 

III. 

288 

Storage  cylinders  for  hot  water 

-X, 

30S 

splitting  chisel 

III. 

288 

Story  rod 

II. 

160 

tooth  axe 

III. 

287 

Stoves 

X. 

11 
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straight  flights 

II, 

177 

Straight-hne  formula  for  columns 

1        III. 

106 

Straight  lines  in  drawing 

VII, 

19 

Stratified  rocks 

III. 

215 

Street  lighting 

IV, 

333 

table 

IV, 

336 

Strength  of  beams 

III, 

62 

laws  of 

III. 

83 

safe 

Ill, 

83 

Strengtli  of  materials 

III,  11- 

-134 

Strengtli  of  shafts 

III, 

117 

formula  for 

III, 

119 

Stress 

III, 

11 

compressive 

III. 

12 

dead  load 

III. 

203 

direction  of 

V, 

303 

fiber 

III,    33, 

67 

shear 

III. 

12 

snow  load 

III. 

205 

tensile 

III. 

12 

unit 

III. 

13 

wind  load 

III. 

205 

Stress-deformation  diagram 

Ill, 

16 

Stress  in  diagonals 

V, 

304 

Stress  diagrams 

III, 

168 

Stress  records 

III, 

172 

table 

III,    181. 

206 

Stress  at  a  section 

III. 

11 

Stresses 

temperature 

III. 

125 

top  chord 

V. 

301 

Stresses  in  trusses 

III.    161. 

199 

Stresses  in  verticals 

V. 

303 

Stretcher,  definition  of 

III. 

285 

Stretching  paper 

VI. 

258 

Stretchout  line 

IX. 

13 

String-board,  definition  of 

II. 

155 

String  course,  definition  of 

in,  285,311;  VII, 

249 

Strings,  stair 

II. 

159 

Structural  elements  of  building      V,  11, 

153 

bearing  partitions 

V. 

14 

enclosing  walls 

V. 

11 

floors 

V. 

16 

roof 

V. 

16 

Structural  materials 

III. 

215 

Part  Page 

Studding  H.       57 
Study  of  the  orders  VII.  245-391 ;  VIII.  11-279 

composite  VII.     318 

Corinthian  VII.     301 

denticular  VII.     262 

Doric  VII.      262 

Ionic  VII.     280 

mutular  VII.     262 

Roman  VII.     245 

Tuscan  VII.     258 

Stylobate  VIII.       62 

Subjects  to  sketch  VI.     288 

Suction  pinnp  X,     287 

Superimposed  orders,  use  of  VIII.     172 

Superposition,  definition  of  VII,     321 

Superposition  of  the  orders  VII.     329 
Supply  connections  for  indirect 

radiators,  fable  IV,     157 

Supply  mains,  capacity  of ,  table  IV,     156 

Supports  for  partitions  II.       74 

Surfaces,  definition  of  VI,       56 

Sycamore  U.       26 
System  of  measurement  for  the 

order  VIII.       42 

T-square 

Table 

absorptivepower  of  stones  III,     217 

air.  velocity  of  in  flues  X,       96 

air  pipes,  sizes  of               X.  40.  42.       43 

air  stipply  per  person  ^  X,       20 

allowable  unit-stresses  V.       53 

angle  iron  IX.      134 
barrels  of  Portland  cement 

per  cu.  yd.  of  mortar  IV,       31 

bearing  power  of  soils        III,  268;  V,     159 

board  measure  H.     253 

box  culverts,  dimensions  for  III,     326 

brass,  weight  of  sq.  ft.  of  IX,      122 
breaking  loads  of  hollow  tile 

arches  V,       87 

bricks,  size  and  weight  of  III,     223 

building  laws  V,       52 

centers  of  gravity  HI.       62 

circuit  mains,  sizes  of  IV,      150 
coefficients  for  deflection,  etc.         V.       35 
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numlier  of  burners  for 
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heat  loss 
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IX. 

122 

IV. 

332 

IV. 

333 

III. 
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into  fittings 
properties  of  Carnegie  corru- 
gated plates 
properties  of  Carnegie  trough 

plates 
properties  of  channels 
properties  of  I-beams 
properties  of  standard  I-beams    III 
properties    of    standard    and 

special    angles  V,    44,    45, 

proportions  of  cement,  sand, 
and  stone  m  actual  struc- 
tures 
radiation  capacities  of  expan- 
sion tanlis 
reduction  in  values  of  allow- 
able fiber  stress,  etc. 
residence  lighting 
retaining  walls,  coefficients  for 
return  pipe,  sizes 
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skin  effect,  data  for  calculating     IV. 
spacing  of  standard  I-teams 
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standing  seam  roofing  IX, 
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Temperature  regulators                 X,  199, 

312 

Testing  with  the  slate  in  freehand 

essential  features  of 

X, 

199 

drawing 

VII. 

23 

air  compressor 

X. 

199 

Tests  of  floor  and  roof  arches 

V, 

83 

diaphragm  valves 

X, 

201 

Tests  of  partitions 

V. 

92 

thermostat 

X. 

200 

Theater  of  Marcellus,  Rome      VIII,  173, 

207 

Temperature  of  steam  at  \arious 

Third  plane  of  projection 

•  VI, 

101 

pressures,  table 

IV, 

158 

Tholos  at  Epidauros 

VIII, 

126 

Temperature  stresses 

III, 

125 

Thumb  tacks 

VI, 

13 

Temple  of  Antoninus  and  Faustina, 

Tie  beam 

92 

Rome  VIII, 

239 

Tie  rods 

V.    68, 

193 

Temple  of  Apollo 

VIII, 

40 

Timber 

11 

Temple  of  Castor  and  I'ollux 

VIII, 

228 

in  its  commercial  form 

17 

Temple  of  Concortl 

VIII, 

43 

conversion  of 

17 

Temple  at  Cori,  Italy 

VIII. 

196 

defects  in 

14 

Temple  of  Corinth 

VIII. 

26 

checks 

16 

Temple  of  Diana  Propylaea 

VIIU 

12 

dry  rot 

15 

Temple  of  Jupiter  Olympus,  AthensVIII 

228 

heartshake 

14 

Temple  of  Mars  Ultor,  Rome 

VIII. 

230 

starshake 

15 

Temple  of  Minerva,  Assisi 
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235 

warping 

15 

Temple  of  Minerva  at  Athens 

\  HI. 
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wet  rot 

15 

Temple  of  Minerva  Polias  at  Priene  VIII. 
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windshake 

14 

Temple  of  Nik6  Apteros 

VIII. 

95 

general  characteristics  of 

26 

Temple  of  Nimes,  France 

VIII, 

239 

cleavage 

27 

Temple  of  the  Smi,  Rome 

VIII, 

239 

flexibility 

27 

Temple  of  Theseus                        VIII,  15, 

47 

hardness 

27 

Temple  of  Vesta 

VIII, 

232 

toughness 

27 

Temple  of  Zeus,  Athens 

VIII, 

119 

knots 

17 

Templets,  definition  of 

III, 

277 

varieties  of 

19 

Tenon-and-tusk  joint 

II, 

40 

Timber  beams,  design  of 

III, 

88 

Tensile  strength  of  cement  mortar 

Timber  trusses 

132 

table 

III, 

239 

Tin  roofing 

144 

Tensile  strength  of  riveted  plates 

III, 

132 

Tinsmithing 

IX,      11-60 

Tensile  stress 

III, 

12 

capacity  of  vessels 

IX, 

12 

Tension 

construction 

IX. 

11 

materials  in 

III. 

21 

intersections  and  developments   IX, 

12 

cast  iron 

III. 

23 

cone 

IX, 

19 

steel 

Ill, 

22 

cylinder 

IX, 

14 

timber 

III, 

21 

hexagonal  prism 

IX. 

14 

wrought  iron 

III. 

22 

intersected  cylinder 

IX, 

16 

splices  for 

II, 

45 

prism 

IX. 

15 

Tension  and  flexure 

III. 

91 

vertical  prism 

IX. 

17 

Terra  cotta  arches 

V. 

70 

patterns 

IX. 

12 

end  construction  of 

V. 

71 

methods  of  obtaining 

IX, 

12- 

side  construction  of 

V, 

71 

notchhig 

IX, 

24 

Testing  drawings  by  measurement 

VII, 

37 

transferring 

IX, 

25 

Testing  electricwiring  equipment 

IV. 

236 

seaming,  allowance  for 

IX. 

23 
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Tinsmitliiiig 

Trees 

shop  tools 

IX. 

12 

details  of  structure 

II. 

13 

wiring,  allowance  for 

IX. 

23 

manner  of  growth 

II, 

12 

workshop  problems,  practical 

IX, 

25 

Triangles 

VI, 

17 

colander 

IX, 

46 

definition  of 

VI, 

56 

drip  pan 

IX, 

31 

drawing  the 

VII, 

29 

foot  bath 

IX, 

36 

Triangulation,  development  by 

IX, 

75 

funnel 

IX, 

27 

Triglyphs 

VIII, 

65 

hand  scoop 

IX, 

28 

Trimmers 

II, 

77 

measure 

IX, 

40 

Triumphal  arches.  Roman 

VIII, 

255 

pail 

IX, 

25 

Trombone  coil 

X, 

310 

scale  scoop 

IX, 

42 

Trough  plates 

V, 

23 

spout 

IX, 

27 

Trump  measuring  device 

IV. 

40 

tea  pot 

IX. 

33 

Truss 

wash  boiler 

IX, 

39 

determination  of  reactions  of 

Ill, 

189 

Tmt,  preparing 

VI, 

261 

Fink 

III, 

202 

Tinted  paper 

VI. 

231 

Truss  details 

II. 

135 

Tinting 

I, 

101 

Truss  loads 

Ill, 

157 

Titles  for  drawings 

VI 

353 

Truss  stresses 

III. 

199 

Tools,  pipe-fitting 

IV. 

181 

Trussed  partitions 

II, 

121 

Toothmg.  definition  of 

III. 

285 

Trussed  strmgers 

V, 

309 

Top  nozzle  supply  and  waste 

X, 

238 

Trusses                                     III,  157;  V, 

130 

Torsion  angle  of 

III, 

128 

analysis  of 

III. 

157 

Torsional  stress  in  shaft 

III, 

118 

bracing 

V. 

130 

Torts 

I, 

339 

considerations    affecting    de- 

Torus moulding                   VIII.  69 

;  IX. 

289 

signs  of 

V. 

131 

Total  lift  of  pump 

X, 

289 

determination  of  loads 

V, 

132 

Touglmess  of  timber 

II. 

27 

notation  for  grapliical  analysis 

III, 

167 

Tower  of  the  Winds  Athens    VIII. 

121. 

122 

practical  considerations 

V, 

131 

Towers 

11, 

138 

selection  of  type 

V. 

130 

Tracmg                                          VI, 

154, 

317 

standards  in  detailing 

V, 

294 

definition  of 

IX, 

289 

Tubular  boiler 

X, 

46 

on  the  slate 

VII, 

22 

table 

X, 

48 

Tracing  paper 

VI. 

232 

Turnbuckles 

V, 

193 

use  of 

VI, 

284 

Turret  sas.i 

IX, 

232 

Transferring  patterns 

IX, 

25 

Tuscan  order                     VII,  258; 

VIII, 

189 

Transition  from  Greek  to  Roman 

Twist,  angle  of 

III, 

128 

order 

VIII. 

223 

jTwist  of  shafts 

III, 

128 

Trap  ventilation 

X, 

347 

Twistmg  moment  of  shaft 

111, 

117 

Traps                                              I,  62    X, 

366 

Two-men  stone,  definition  of 

III, 

285 

kinds  of 

X. 

369 

Two-pipe  risers,  capacities  of.  table 

IV, 

157 

for  lavatories 

X. 

251 

Two-way  valve 

V, 

328 

Traps  seals,  loss  of 

X, 

374 

Two- wire  and  three- wire  systems 

IV, 

220 

Tread,  definition  of 

II. 

155 

details  of 

IV. 

222 

Trees 

relative  advantages 

IV. 

220 

classes  of 

II, 

12 

Type  form  of  Greek  Doric  order 

VIII, 

58 
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Ultimate  efiiclency  of  joint 
Ultimate  load  on  slabs  of  concrete, 
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Under-floors 
Underpinning 
Underpinning  shoring 
Union- jet  burner 
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Unit  stress 
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Upset  rods 
Uralite 
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and  steel,  table 
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Vacuum  heating  system  X,  151 
Paul  X,  155 
Webster  X.  151 
Vacuum  valve  X,  70 
Valley  rafters  II,  101 
Value  drawing  VII,  40 
Value  of  freehand  drawing  to  archi- 
tect    VII,  11 
Value  scale  in  drawing  VII,  41 
how  to  make  VII,  43 
how  to  use  VII,  43 
Values  VI,  251 
Valves  X,  68 
back-pressure  X,  138 
for  hot-water  piping  X,  119 
reducing  X,  136 
Vanishing  point  diagram  VII,  127 
Vanishing  point  of  lines  VII,  78 
Vanishing  point  of  oblique  lines  VII,  115 
Vanishmg  trace  of  system  VII,  80 
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Vault,  definition  of 
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Vent  flues 
Ventilation 
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principles  of 
Vertical  deflection 
Vertical  hydraulic  elevators 
Vertical  prism,  development  of 
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Verticals,  stress  in 
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versions  of  the  orders 
Visual  element 
V'isual  rays,  definition  of 
Vitruvian  wave' moulding 
Vitruvius  characterization  of  Doric 
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Voltage,  effects  of  change  in.  table 
Voltage  of  incandescent  lamps 
Voltmeter  method  of  testing  electric 

wiring 
Volutes 

V' olutes  at  corners  of  buildings, 
arrangemtnt  of 
V^oussoirs,  definition  of 

Wages,  scale  of 

Waiver 

Wall  dimensions,  table 

Wall  strings 

Walls 

cellar 
enclosmg 

concrete 
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load-bearing 
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self-supporting 
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Warm-air  flues 
Warm-air  pipes 
Warmins,  systems  of 
direct  hot  water 
direct-indirect  radiators 
direct  steam 
electric    lieating 
exliaust  steam 
forced  blast 
film  aces 

indirect  liot  water 
indirect  steam 
stoves 
Warping  in  timber 
Wash  boiler,  pattern  for 
Wash-drawLngs,  materials  for 
Washer 
Washes,  laying 

W^astepipe  I,  62; 

Water  balance  elevators 
Water-closets 

Water-color  hints  for  draftsmen 
brushes  and  paper 
combination  of  colors 
manipulation 
tube  and  pan  colors 
water-color  rendering 
water-color  sketching 
Water-color  rendering 
Water-color  sketching 
W^ater  gas 
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Water  pressure,  table 
"Water  supply  I,     311: 

direct 
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Water-table,  definition  of 
Waterway,  calculating  area  of 
Web 
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III. 

285 

Ill, 

329 

Part  Page 


Web 

economical  depth  of 
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Web  splices 
Weber  photometer 
Webster  heating  system 
Weight  of  roof  trusses 
Well-hole 

arrangement  of  risers  in  and 
around 
Welsh  groin 
Wet  rot 

White  light  reflected  from  different 
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Wliitewash 

Wind  load,  analysis  for 
Wind-load  stress 
Wmd  pressure 

on  roof 
Winder 
Winding  stairs 
Windmills 
Window  frames 
Window-frames  and  scuttle 
Windows 

Roman  \ 

Windshake 
Wing  walls 
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armored  cable 

wires  run  in  flexible  metal  con- 
duits 
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